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January 2 I,2003 

Daniel E. Troy, Esq. 
Chief Counsel 
Food and Drug Administration 
5600 Fishers Lane 
Roclcvifle, MD 20857 

Re: Periostat” doxycycline hyclate 20 mg 

Dear Mr. Troy: 

During our recent discussion, you invited our client, CoIIaGenex Pharmaceuticals, Inc. 
(“CollaGenex” or the “Company”), which markets Periostat, to provide a written explanation 
of why Periostat is not subject to the Food and Drug Administration Modernization Act of 
1997 (“FDAMA”) antibiotic transition provisions and why it should receive both five year 
exclusivity and Hatch-Waxman patent protection under the Food, Drug, and Cosmetic Act 
(-FDCA” or “tie statute”). As you requested, we are submitting CollaGenex’s request in 
letter form rather than as a citizen petition and related petition for stay of action. 

This letter makes four related requests. First, CollaGenex requests that the Food and 
Drug Administration (“FDA” or “the Agency”) determine that Periostat does not concain an 
antibiotic drug as that term is defmed in the FDCA, and that it is therefore not subject to the 
FDAMA antibiotic transition provisions. Second, CollaGenex requests that, as a consequence 
of the first finding, FDA find that, at approval, Periostat was eligible for five year exclusivity 
and that FDA recognize de remainder of that exchrsivity. Third,.CollaGenex requests, also as 
a consequence of the first finding, that FDA find that Hatch-Waxman patent protections apply 
to Periostat, with the result that CollaGenex, which has sued West-Ward Pharmaceuticals 
Corp. (“West-Ward”) for patent infringement, was entitled to a thirty month stay in the 
consideration of West-Ward’s abbreviated new drug application (UANDA”). ColiaGenex 
requests that FDA recognize the remainder of the stay.’ Finally, CoUaGenex requests that 
FDA not act on the pending West-Ward ANDA until FDA has resolved these issues in 
CoilaGenex’s favor or, if FDA finds against CollaGenex, until CollaGenex has been provided 
FDA’s decision and has had at least ten business days to determine whether it will pursue 
alternative remedies. 

1. A finding that Hatch-Waxman patent protections apply would also result in disapproval of 
the West-Ward ANDA for failure to include appropriate patent cert&ations. - -_- 
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Factual Background 

CoIIaGenex is a small pharmaceutica1 company that markets only one product, 
Periostat. Periostat (doxycycline hycIate 20 mg) is a prescription drug approved by FDA for 

: use as an adjunct to scaling and root pianing to promote attachment IeveI gain and to reduce 
pocket depth in patients with aduft periodontitis. To date, virtually a11 of the company’s 
research and development budget has been devoted to research and development on the 
.periodontitis indication and new indications for Periostat, which shows promise in a number of 
other areas. Thus, CoIIaGenex has made a profit during only one quarter - the most recent 
quarter - of its ten year existence. 

The history of the current debate is as follows. CoIIaGenex acquired the rights to 
Periostat in 1992. At that time, Periostat was the subject of an Investigational New Drug 
Exemption (“IND”) and no New Drug Application (“NDA”) had been submitted. Building on 
the work of the previous IND holder, the Company spent ten years developing the product at a 
cost of over $20 million. On August 30, 1996, ColIaGenex submitted an NDA for Periostat 
under section 505 of the FDCA (“section 505”), including listing information on CoIIaGenex’s 
patents, The NDA was submitted under the number 20-642, which had been previously 
assigned by FDA when CoIIaGenex had submitted one section of the NDA in June 1996. 
Numbers in the 20-000 series are reserved for non-antibiotic drugs. On September 16, 1996, 
FDA staff cahed Christopher Powala at ColIaGenex requesting that CoIIaGenex amend its 
submission to make it a-submission under section 507 of the FDCA (“section 507”), which, at ’ 
that time, governed the approval of antibiotic drugs. FDA also said that it intended to 
renumber the application to designate it NDA 50-744, an NDA number in the series reserved 
for antibiotic applications. 

In 1996, antibiotics were not eligible for market exclusivity or for patent protection 
under the Hatch-Waxman provisions of the FDCA (“Hatch-Waxman”). FDA’s request that 
Periostat be submitted to FDA as an antibiotic was, therefore, a matter of importance to 
CoIlaGenex. Mr. Powala responded to FDA’s request by explaining to FDA staff that 
Periostat did not meet the definition of antibiotic in the statute, that it does not have antibiotic 
activity, that the company did not believe that it should be treated as an antibiotic, and that 
CoIIaGenex objected to amending its submission to make the product subject to section 507. 
FDA staff explained to Mr. Powala that, if the company failed to foIIow FDA’s direction to 
amend its submission, the filing date of the NDA would be delayed while the issue was sorted 
out and that amending the Periostat application to submit under section 507 did not preclude . 
ColIaGenex from continuing to pursue the Company’s objection to antibiotic status. Fearing 
an extensive delay that it couhi ilf afford, ColIaGenex agreed under protest to make the change 
requested by FDA and stated the Company’s intention to continue to pursue the matter. 

During the course of FDA’s review of the NDA, CoIlaGenex continued to try to engage 
FDA in discussion of the antibiotic issue. Having been unable EO locate anyone in the Center 
for Drug Evaluation and Research (“CDER”) who wouId address the issue on the merits, on - 
September 11, 1997, CollaGenex submitted a Request for Designation to the FDA 

_- -. - 
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Ombudsman, which is attached as Exhibit A- Although CoIlaGenex tried to follow up, efforts 
to discuss the issue and/or to obtain a response were unsuccessful. 

In November 1997, FDAMA abolished section 507 and made antibiotics subject to the 
- section 50.5 drug approval process, thus providing antibiotics with eligibility for Hatch- 

Waxman market exclusivity and patent protections. At the same time, Congress concluded that 
antibiotic transition provisions were needed to ease the transition to section 505. In general, 
the transition provisions provide that products that contain an antibiotic drug that was the 
subject of an application under 507 are not eligible to receive market exclusivity or Hatch- 
Waxman patent protection. 

By June 1998, ColIaGenex had still received no determination from the Ombudsman- 
Knowing that FDA was close to approving Periostat, and at the suggestion of CDER’s 
Ombudsman, CollaGenex renewed its request on July 8, 1998, this time with Dr. Murray 
Lumpkin of CDER. The request is attached as Exhibit B. In early September 1998, Dr. 
Lumpkin scheduled a telephone call to discuss the issues, in which he stated that FDA was of 
the opinion that Periostat was an antibiotic. On October 1, 1998, FDA approved Periostat 
under section 505. The approval letter, attached as Exhibit C, states that Periostat is subject to 
the FDAMA antibiotic transition provision. 

FDA did not provide any explanation of its decision to apply the antibiotic transition 
provision. In fact, FDA has never provided written responses to any of CollaGenex’s 
communications on this subject. 

Having preserved its objection on the record, CollaGenex had no need to continue to 
contest FDA’s treatment of Periostat as an antibiotic through litigation. At that time, and until 
very recently, CollaGenex believed that its strong patent position would protect it From generic 
competition for Periostat, and thought it unnecessary to waste its own, FDA’s, and potentially 
the judiciary’s resources to pursue an issue that was unlikely to make any difference as a 
practical matter. 

Recently, however, CollaGenex learned that West-Ward had filed an ANDA for 
doxycycline hyclate 20 mg, listing Periostat as the reference drug. In correspondence with 
CollaGenex regarding CollaGenex’s patent, West-Ward has stated that CollaGenex’s patent is 
invalid or not infringed by the West-Ward product and that it intends vigorously to pursue a 
NDA approvat. ColIaGenex then instituted patent infringement litigation against West-Ward to 
protect the Company’s patent rights. That litigation is pending. 

If FDA had not applied the FDAMA antibiotic transition provision to Periostat and 
CollaGenex had received the market exclusivity and Hatch-Waxman patent protection to which 
it believes it is entitled, FDA would be precluded from approving the West-Ward ANDA for 
some time. Under current circumstances, however, FDA could and, in fact, must approve the 

- WestLWard ANDA if the apphcation mceis the StaMOiy criteria for approval. If FDA were to- - -- - 
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approve the ANDA, West-Ward could market its product immediately, which would have a 
devastating impact on ColIaGenex. 

For these reasons, ColIaGenex requested a meeting with you to renew its request that 
. . FDA determine that ColIaGenex is not subject to the FDAMA antibiotic transition provisions. 

After discussion, you suggested’that CollaGenex submit its request in a letter. In addition to 
explaining why CollaGenex believes that Periostat is not an antibiotic drug, the specific issues 
raised at the meeting are addressed. 

Periostat Does Not Contain an Antibiotic Drug 

The FDAMA antibiotic transition provision states that Hatch-Waxman exclusivity and 
patent protections will not apply to an NDA in which ‘the drug that is the subject of the 
application contains an antibiotic drug and the antibiotic drug was the subject of any application 
for marketing received by [FDA] under section 507 of [the FDCA] before the date of 
enactment of [FDAMA]. n2 Because Periostat does not contain an antibiotic drug, the 
transition provision does not apply. 

Doxycycline Hyclate 20 mg Has No Antibiotic Effect 

It is quite clear that 20 mg of doxycycline hyclate, the dosage of active ingredient in 
Periostat, does not function as an antibiotic3 
or inhibits micro-organisms. 

There is no evidence whatsoever that it destroys 
FDA has acknowledged as much in the approved labeling for 

Periostat, which states that “[t]he dosage of doxycycline achieved with this product during 
administration is well below the concentration required to inhibit micro-organisms commonly 
associated with adult periodontitis” and “[t]his product should not be used for reducing the 
numbers of or eliminating those micro-organisms associated with periodontitis. n4 

2. FDAMA, Pub. L. No. 105-l 15, 3 125(d)(2), 111 Stat. 2295,2327 (1997). 

3. Periostat achieves its intended effects of promoting attachment level gain and reducing 
pocket depth in patients with adult periodontitis by inhibiting metalloproteinase (collagenase, 
geIatinase) enzymes that cause connective tissue breakdown. 

4. See also, Dental Officer’s Review of NDA 50-744, Clarence C. Gilkes, D.D.S. at 1 (Aug. 
17, 1997) (Periostat “not antimicrobial at this dosage”); Review and Evaluation of 
Pharmacology and Toxicology Data (fan. 4, 1997) (proposed dosage for Periostat is apparently 
beIow the threshold for antibiotic effects); Clinical Microbiology Review (May IS, 1997) 
(some topics routinely included in microbiology review for antibiotics considered 
unnecessary). Despite the apparent consensus that Periostat is not antimicrobial, FDA insisted 
on inciuding in Ihe IabeIing several-precautions relaiedto antimicrobial effects-that CollaGenex - 
understands are routinely included in labeling for the tetracycline class of products. 

-- - 
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FDA’s decision regarding the labeling was supported by a number of studies 
CoIIaGenex submitted during the NDA phase, all of which conclude that at 20 mg the quantity 
of doxycycline hyclate in Periostat is insuffIcient to exert an antimicrobial effect. The studies 

. are summarized in Exhibit D. Three of those clinical studies also inchtded an assessment of 
the development of resistance to low dose doxycychne, and, again, demonstrated that low dose 
doxycycline hyclate administration was not associated with the development of resistance, nor 
any cross-resistance with penicillin, ampicillin, cefoxitin, crythromycin, tetracycline, or 
metronidazole. The absence of any effect on the development of resistance is 
strong evidence that doxycycline hyclate 20 mg is not antimicrobiaL 

Following the approval of Periostat an additional study was conducted specifically to 
answer the question of whether subantimicrobial levels of doxycycline would exert a 
detrimental effect on subgingival flora. The study concluded that no antimicrobial effect 
resulted during or following a treatment regime with 20 mg doxycycline bid.’ Other studies 
similarly confinned earlier research indicating that Iong term low dose doxycychne does not 
alter or contribute to aherations in the antibiotic susceptibility of subgingival microflora 
compared with placebo.’ Thus, not oniy does the quantity of doxycycline in Periostat exert no 
antimicrobial effect, it does not contribute to changes in antibiotic susceptibility. 

An additional study was designed specifically to determine whether doxycycline had an 
effect on intestinal or vaginal flora. The study analyzed stool specimens and vaginal swabs for 
total anaerobic counts, opportunistic pathogens, and doxycycline resistance from 70 subjects 
randomized to receive doxycycline or placebo and concluded there was no evidence that a nine 
month 20 mg regime of doxycycline exerted an effect on the composition or resistance level of 
either fecal or vaginal microflora.’ The same conciusion resulted from a similar study 

5. When an antibiotic affects microorganisms, non-resistant organisms are inhibited, resistant 
organisms flourish, and the proportion of resistant organisms tends to increase. Thus the 
absence of an increase in resistant microorganisms demonstrates that an agent has no 
antimicrobial effect. 

6. Walker C, Thomas J, Nango S, et al. Long-Term Treatment with Subantimicrobial Dose 
Doxycycline Exerts No Antibacterial Effect on the Subgingival Microflora Associated with 
Adult Periodontitis, J Peridontol 2000;71: 1465-1471. (Attached as Exhibit E) 

7. Thomas J, Walker C, Bradshaw M. Long Term Use of Subantimicrobial Dose Doxycycline 
Does not Lead to Changes in Antimicrobial Susceptibility, J Periodontal 2000;71: 1472-1483. 
(Attached as Exhibit F) 

8. Walker C, Thomas J, Nango S, Lennon J, et al. Effect of Sub-antimicrobial Dose - - - _. 
Doxycyclinc(SDD) on Intestingal and Vaginal Flora, J Dent k&TiADTZ Abstracts 2000.-- 
(Attached as Exhibit G.) 
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analyzing the effects of doxycycline on skin flora. A six month regimen of 20 mg doxycychne 
b.i.d, exerted no detectable effecr, either statistical or microbially, on the microflora of the 
skin relative to either baseline values or placebo values9 

At our recent meeting, one of the FDA participants suggested that Periostat might have 
antibiotic effect on micro-organisms not associated with periodontitis, referencing 
pharmacokinetic data showing steady state mean maximum doxycycline plasma levels of .79 
micrograms/ml after Periostat administration, which he believed would be adequate to kill 
certain micro-organisms. He failed to note, however, distribution data, also referenced in the 
package insert, showing that doxycycline is greater than 90% bound to plasma proteins. Thus, 
only 10% is freely availabIe; an effective level of -079 micrograms/ml in plasma, Periostat 
does not inhibit or destroy microorganisms even if they retain a profound susceptibility to 
doxycycline. r” 

The most profound evidence to establish that Periostat is not an antibiotic, however, are 
the human data themselves. CollaGenex has conducted a number of studies in more than 400 
subjects to determine whether Periostat kills or inhibits micro-organisms. These were aimed at 
areas of the body known to have a high concentration of micro-organisms susceptible to 
doxycychne, including, the oral cavity, the skin, the gut and the genito-urinary tract. None 
of these studies shows an antibiotic effect, and they conclusivefy demonstrate that Periostat 
Iacks antibiotic effect.’ * . 

9. CIay Walker, Microbiology Report: Protocol # DERM-301, Efficacy of Dermostat 
(doxycycline hydate) 20 mg tabfets administrated twice daily for the treatment of acne (on file 
with author) (Attached as Exhibit H). 

10. The lowest IeveI of plasma concentration that results in antimicrobial levels in tissue is I 
microgram per milliliter. See McNamara TF, Golub LM, Ramamurthy N. Reduced 
Doxycycline Blood Levels in Humans Fail to Promote Resistant Organisms, presented at 
International Conference on PeriodontaI Disease: Pathogens & Host Immune Responses- 
Osaka, fapan, 1990. 

11. It is notable that FDA’s antibiotic regulations defined doxycycline hyclate as an antibiotic 
at 50, 100, or 300 milligrams of doxycycline, but did not state or even suggest that 
doxycycline hyclate 20 mg is an antibiotic. 21 C.F.R. $446.120(a) (1995) (“Doxycycline 
hyclate capsules are composed of doxycycline hyciate and one or more suitable and harmless 
lubricants and diluents enclosed in a geIatin capsule. Each capsule contains doxycyciine 
hyclate equivalent to either 50, 100, or 300 milligrams of doxycycline.“) (regulation revoked 
September 24, 1998 as part of FDAMA implementation). Similarly, when FDA gave notice Of 
doxycyciine’s uses as an antibiotic to treat anthrax, it specifically exempted doxycycline 

-hyclateZO mg. Prescription Drug Products: DoxycycIine-and Pen.cilIin Ci-Procaine. _ 
Administration for Inhalational Anthrax (Post-Exposure), 66 Fed. Reg. 55679,55680 (NOV. 2, -- 1 
2001) (notice). 
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Periostat Does Not Fit The Statutory Definition of an Antibiotic Drug 

At our meeting, FDA also suggested that, even if Periostat has 50 antibiotic effect, it is 
_ still an antibiotic, relying on an interpretation of the statutory definition of an antibiotic drug 

that would make non-antibiotic products into antibiotics as a matter of law. 

It seems inconceivable that Congress intended its definition of antibiotic drug to capture 
products that do not kill microbes. Indeed, the very meaning of the word antibiotic - against 
life - suggests that an antibiotic is antimicrobial. Article after article in the scientific literature 
dating back to 1943 when the term antibiotic was first used, assumes, without discussion, that 
antibiotics have an injurious effect on the growth of microbes. t* That is not surprising given 
the history of antibiotic development. The therapeutic application of antibiotic substances 
developed during the World War II era. Sir Alexander Fleming’s accidental discovery of 
penicillin’s lethal effect on microbes is well-known, and the “miracle” of antibiotics was in 
their ability to cure theretofore debilitating and lethal microbial infections.‘3 Thus, the word 
“antibiotic” became synonomous with fighting infections. 

FDA’s own materials, as well as the scientific literature, reflect this understanding. In 
1977, FDA’s Advisory Review Panel on OTC Antimicrobial (II) Drug Products defined an 
antimicrobial, a category which includes antibiotics, as *an agent that kills or inhibits the 
growth and reproduction of micro-organisms. ml4 When the monograph process begun by that 

12. 2, s, Discussion between Dr. S-A. Waksman and Dr. J.E. Flynn on 19 January 
1962, reproduced in J His Med, July 1973, at 285-6 (“let us make (antibiotic] into a noun 
which will include compounds that are produced by microbes which have an injurious effect 
upon the growth of other microbes”); Wesley W. Spink M.D., The Drama of Sulfanilamide, 
Penicillin and Other Antibiotics 1936-1972, Minnesota Medicine, June 1973, at 554-5 (“The 
discovery of penicillin and its successful apphcation in the therapy of infections provided a 
stimulus to the search for similar antimicrobial agents . . .” ); Selman A.Waksman, A Quarter- 
Century of the Antibiotic Era, Antimicrobial Agents and Chemotherapy, 1965, at 9 (“The 
results . . . have led to a better.understanding of the production and utilization of certain 
metabolic products of microorganisms, known as antibiotics, for the treatment of infectious 
diseases _ “) 

._ 13. Spink, supra note 12, at 552-4. ..-_ -. ._ _, . - - 

14. Establishment of a Monograph for OTC Topical Antibiotic Products, 42 Fed. Reg. 17642, 
17644 (April 1, 1977) (proposed rulemaking), 
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panel was completed with the adoption of a final rule on OTC’antibiotics, a11 the permitted 
indications stated an antimicrobial effect. is As recently as 2000, in a preambie to a proposed 
rule, FDA equated the term “antibacterial drug products” with antibiotics.*6 

Instead of interpreting the statutory definition of an antibiotic to reflect this obvious 
meaning, however, FDA adopts a tortured interpretation that renders some of the words in the 
definition - “any quantity of” and “in dilute solution” - meaningless. The term “antibiotic 
drug” is defined in section 2Ol(jj) of the FDCA and, in relevant part, reads as foIlows: 

The term “antibiotic drug” means any drug _ . . intended for human use 
containing any quantity of any chemical substance which is produced by a 
micro-organism and which has the capacity to inhibit or destroy micro- 
organisms in dilute solution (including a chemically synthesized equivalent of 
any such substance) or any derivative thereof. t’ 

One has only to read the definition to see that quantity matters - only a drug with any quantity 
of substance that will inhibit or destroy micro-organisms in dilute solution falls within its 
terms. I8 A drug that does not contain a dose of a substance that will inhibit or destroy micro- 
organisms in dilute solution cannot contain the requisite quantity. 

Nevertheless, it appears that FDA reads the statute to mean that, if, at some dose, a 
substance will inhibit or destroy micro-organisms, then a product that contains that substance, 
no matter how small the dose, will be an antibiotic. That, however, is not a natural reading of 
the words, Had Congress intended to ignore the quantity of substance contained in the drug, it 
would doubtless have written a much simpler definition, deleting the words -any quantity OF 
altogether. FDA’s interpretation renders the words -any quantity of’ superfluous, which 
violates well established principles of statutory construction- The Supreme Court has made 
clear that a construction of a statute that renders a term “insignificant, if not wholly 

15. 21 C.F.R. § 333.150(b). 

16. Labeling Requirements for Systemic Antibacterial Drug Products Intended for Human 
Use, 65 Fed. Reg. 56511 (Sept. 19, 2000) (proposed rulemaking) (“FDA is proposing to 
require that all systemic antibacterial drug products (i.e. antibiotics and their synthetic 
counterparts...“)). 

17. 21 UXC. 0 321(lj). 

18. The concept that dose matters is consistent with FDA’s usual practice. New drugs are 
always evaluated at a particular dosage; NDAs are submitted for drugs at a particular strength; 
and FDA approves drugs at a particular dose. Given FDA’S focus on dose, it is hard to . _- _. 
understand why the Agency wouId choose to read this portion of the FDCA in a way that - _ -- 
ignores dose and conflicts with standard agency practice. 
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superfluous” is impermissible, and it is “especiafly unwilling to do so when the term occupies 
so pivotal a pIace in the statutory scheme. n Duncan v. Walker, 533 U.S. 167, 174 (2001). 
Further, construction of a statute that would result in Congress’ inclusion of a word having %o 
operative effect on the scope of the provision” is not acceptable. Id. 
FDA proposes to do. 

Yet this is exactly what 

It is particularly egregious to nullify not one but two statutory references to quantity in 
the antibiotic definition, which conditions antibiotic status not only on the “any quantity OF 
language but also on whether a substance will inhibit or destroy microorganisms “in dilute 
solution.” Words in a statute must be interpreted with reference to the words that precede and 
follow them, and “the meaning of a word may be ascertained by reference to the meaning of 
words associated with it.” Neal v. Ctark, 95 US. 704,708-g (1877). See also Gregory v. 
Ashcroft, 501 U.S. 452, 465 (1991); Babbitt v. Sweet Home Chapter of Communities for a 
Great Oregon, 515 US. 687, 695 (1995). Here, the statutory reference to “dilute solution” 
reinforces the need to consider quantity. Even the most potent antimicrobial will not inhibit or 
destroy microorganisms if small enough quantities are used or if the sohrtion in which it is 
placed is sufficiently dilute. Thus, whether or not a substance.will inhibit or destroy 
microorganisms in dilute solution absolutely depends on the quantity of the substance that is 
pIaced in solution. By rendering the statutory reference to quantity meaningless, FDA also 
prevents the phrase “in diIute solution” from playing any meaningful role in the antibiotic 
definition- 

In fact, FDA appears to ignore the words “in dilute solution” altogether. Certainly 
FDA has never explained publicly how it interprets the term, clarified how it determines an 
appropriate degree of dilution, or given any indication that it considers a substance’s 
performance in dilute sofution in defining antibiotic status. If CoIlaGenex’s experience is 
representative, FDA instead goes out of its way to avoid having to explain itself. This is the 
third letter that ColIaGenex has submitted to FDA on this subject, without having yet received 
a meaningful response. From an outsider’s perspective, FDA appears to have employed an ad 
hoc approach to classifying drugs as antibiotics, presuming that it knows an antibiotic when %- 
sees one. FDA has essentially interpreted the statutory definition of the term “antibiotic” in 
such a way that it makes no difference whether the two phrases “any quantity” and “in dilute 
solution” are present or absent. But this is not a permissible way to interpret a statute. FDA 
has a duty “to give effect, if possible to every clause and word of a statute,” including, in this 
case, the references to “quantity” and “dilute solution.” U.S. v. Menasche, 348 U.S. 528, 
538-9 (1955). quoting Montclair v. Ramsdell, 107 U.S. 147, 152 (1883); W illiams v. Taylor,’ 
529 U.S. 362, 404 (2000) (describing this rule as a “cardinal principle of statutory 
construction”). 

FDA’s interpretation might be more credibte if FDA in the past had followed any 
logical pattern in applying it. But it has not. In one internal memo, Dr. Lumpkin, then 
Director of the Division of Anti-infective Drug Products, stated that there is no “unambiguous 
Agency precedent on this matter” [i-e., distinguishing antibiotics from other drugs] and stated 
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that “[w]e all recognize the need for a consistent, defensible policy on this issue-“” We have 
found no evidence, however, that the Agency heeded Dr. Lumpkin’s call for a consistent 
defensible policy. Many biotechnology drugs are made by micro-organisms, and some may 

_ kiII or inhibit micro-organisms at high enough concentrations. We have found no evidence, 
. however, that FDA ever explored the issue with respect to biotechnology drugs made by 

micro-organisms or required the sponsors to determine whether these agents would kill micro- 
organisms. If FDA were actually applying its own definition, it would have required that 
every product produced by a micro-organism be tested to determine whether it will kilI or 
inhibit micro-organisms. 

Aiso, we are aware of several situations in which products should have, by FDA’s 
interpretation, been treated as antibiotics but were not. For example, FDA apparently 
approved two NDAs for Lorabid (loracarbef) under section 505, even though the labeling 
states that the active chemical substance has antibiotic effect. The same appears to be true of 
Azactam (aztreonam), which was also submitted under section 505, but labeled as an 
antibiotic. 

One need look no further than the Periostat labeling to demonstrate the illogic of FDA”s 
interpretation. Having adopted a statutory construction that would make Periostat an 
antibiotic, it nevertheless felt compelled to point out in the approved Iabehng that the product 
should not be used to inhibit microorganisms. The inconsistency is too substantial to ignore. 

In short, the only logical interpretation of the term antibiotic drug would preclude its 
application to Periostat. Moreover, in the past, FDA itself has.failed to apply consistently the 
interpretation that it now advances. For these reasons, FDA cannot sustain its position that 
Periostat contains an antibiotic drug. 

Patent Protection and Exclusivity Under Hatch-Waxman 

Patent Protection: If FDA had not applied the FDAMA antibiotic transition provision 
to Periostat, a well-established statutory scheme would have applied. First, the patents that 
claim Periostat would have been listed in the Orange Book. West-Ward, in submitting its 
ANDA, would have been required to make one of four patent certifications. Given West- 
Ward’s current statements that Periostat’s patents are either invalid or not infringed by the 
West-Ward product, West-Ward presumably would have made a paragraph IV certification, 
which would have triggered a notice to CollaGenex of the ANDA submission. At that point, 
ColtaGenex would have sued West-Ward (as it has now done), and a 30 month stay would 
have been in effect with respect to the West-Ward ANDA. CollaGenex is entitled to a 30 
month stay. 

19. Memorandum from Murray M. Lumpkin, M.D., Director, Division of Anti-Infective 
Drug Products, to James Btistad, M.D. and Bruce Burlington, M.D. (Nov. 26, 1990). 
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Exclusivity: AS YOU know, newly approved drug products containing chemical entities 
not previously submitted under section 505(b) of the FDCA are entitled to five years of 
marketing exclusivity- To our knowledge, no previous doxycycline product has been 
submitted under section 505(b), and CollaGenex therefore was entitled to five years of 

- exclusivity running from Periostat’s approval date. 

At our meeting, FDA counsel suggested that, as a result of the FDAMA antibiotic 
transition provision, all of the previously approved doxycycline products were submitted under 
section 505(b). By that logic, Periostat was not the first doxycycline. product submitted under 
section 505(b) and is therefore ineligible for five year exclusivity. 

The relevant transition provision states: 

An application that was approved . . . before [November 19971 for the marketing of an 
antibiotic drug under section 507 . . . shall . _ . be considered to be an application that 
was submitted and filed under section 505(b) . . . and approved for safety and 
effectiveness under section 505(c) . . . except that if such application for marketing was 
in the form of an abbreviated application, the application shall be considered to have 
been filed and approved under section 505(j) . . .20 

Because this provision plainly was intended to have only future effect, it does not convert old 
section 507 approvals into section 505(c) approvals. The purpose of the transition provision 
appears to have been to ensure the existence of a statutory framework for regulating 
previously-approved antibiotics after section 507 was abolished. Thus, the need was to cover 
these products in the future, not to address how these approvaIs were to be viewed in the past 
when section 507 existed and clearly applied. The drafter’s intent to give the provision future 
rather than past effect is signaled in several ways in the statutory language. The provision 
states that old antibiotic applications “shall . . _ be considered to be” 505(c) applications, 
which signals a present intention. Had the drafters intended the provision to have had past 
effect, they would have said that old antibiotic applications “shall . _ . be considered to have 
been” 505(c) applications, which suggests applicability to the past. Also, the provision says 
that the old applications are to be “considered” 505(c) applications, not that they have become 
505(c) applications. Had the drafters intended actually to convert these applications from the 
time they were issued, they would doubtless have said so. 

In addition, reading the provision as FDA suggested at the meeting would create both _ 
redundancy and inconsistency with the portion of the-“Exception” transition provision which 
immediately follows- That section exempts certain antibiotic drugs from Hatch-Waxman 
exclusivity provisions. If Congress had meant for all previous antibiotic drugs approvals to 
have become 505(c) approvals, it would not have needed a transition provision exempting 
antibiotic drugs containing a previously approved antibiotic from the five year exclusivity 
provisions, because they would already have been ineligible for five year exclusivity. In 

20. FDAMA, Pub. L- No. 105-l-i-5, 5 125(d)(f); 111 Stats. 2295, 2326-27. 
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addition, reading the provision to have past effect would negate the portion of the “Exception” 
provision which refers to applications received under section 507. If at1 old applications are 
now considered submitted under 505, then they were certainly received under 505 as well, 
Thus, there would be no “application for marketing received by the Secretary of Health and 
Human Services under section 507 of such Act,” which would negate the reference to old 
antibiotics in the “Exception” provision. If that were the correct reading, then all future 
antibiotics would be excluded from exclusivity and Hatch-Waxman patent protection, which is 
plainly not what the provision is intended to accomplish. For these reasons, we do not believe 
that the provision treating old 507 approvals as 505(c) approvals can be given retroactive 
effect, 

Conclusion 

Because Periostat is not an antibiotic, Hatch-Waxman excIusivity and patent protection 
should be provided to the extent that they would otherwise have existed, and we ask that FDA 
recognize and apply those provisions. We also ask that, pending FDA’s consideration of this 
request, FDA not approve the West-Ward ANDA. CollaGenex has delayed filing a lawsuit in 
Federal Court soleIy to provide a period of time to resolve these issues without resort to 
litigation. It would be unjust for FDA to take advantage of ColIaGenex’s efforts to arrive at an 
amicable solution by approving the West-Ward ANDA while discussion is ongoing. We 
therefore request that, if FDA believes that it must approve the West-Ward ANDA 
imminently, it give CollaGenex at least ten business days notice so that CollaGenex will have 
the opportunity to initiate litigation on the issue before approval of the West-Ward ANDA. 

SincereIy, 

Nancy L. But 0 
Kate C. Beardsley 
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September 11,1997 

Ms. Am&da J3rj~~ Norton 
Chief Mediator and Ombudsman 
Office of the Commissioner 
Room 14-105,tiF-7 
Food and Drug Adminiktration 
5600 Fishers Lane 
Rockville, MD 20857 

BYh?ANDDEUVERY 

Re: Periosat@ NDA 50-774; Request for .Designation 

Dear Ms. Sryce Norton: 

This request is submitted.on behaJf of our dient, ColhGenex 
PharmaceuticaJs, Inc. (ToJlaGen& or the ‘Compan]n. We hereby respectfully ask - 
that the Food and Drug Administration (TDA” or the “agency”) designate the above 
referenced drug, which is the subject of a pending new drug appfication C’NDAP, as 
subject to the provisions of section 505(b) of the Federat Food, Drug, and Cosmetic Act e 
(‘FDC Act=), 21 U.S.C. Q 355(b). . 

WhiJe we recognize this is not a typical designation request that is su6m.W 
under 21 C.F,R Part 3, it nonetheiess invohres a significant product ju&dicJionaJ 
question appropriate far resolution by the Ombudsriran’s office. The precise ‘k-sue 
addressed herein is whether Periostat@ is properfy subjed to the antibiotic provisions of 
section 507 of the FDC Act, 21 USC. Q 357. In this regard, PeriostaW does nut meet 
the stat&y detinition of an ‘antibiotic drug.’ It is a synthetic drug that is neitfier -. 
intended f& use as an antimicrobial dmg product nor is it capable of inhibiting br 
destroying microorganisms at the dose levels that are utJJJJed for periodontat disease. 
Therefore, PerJostat@ should not be subject to the antibiotic provisions of section 507 of 
the FDC Ad 

. 
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Furtfrer in connection with .Jhii designation request, we respectfully rque& 
a wkiver of 21 CFR. f 3.3 0, assuming the appkabiIity of 21 CJ=,R Part 3 k this 
request. This provision provides that the appfimtion review d&c is stayed during the 
pendancy of review by the product jurisdiction of5cer. Siu1cethis request does not pertain 
to which center(s) within FDA shoufd have primary jurisdiction, but f’athart~ which section 
of the PDC Act is pertinent to the apprwai of Per&tat@, no masons exist to stay the : review of the pending NDA for Periostat@ because of the submission of this designation 
request. Any decision in response to thii petition will nut afkct jurisdiction of the Centar 
for Drug Evaluation and Research (CDER”), which is r@onsibr’e for review of the NDA 
for Periostat@. We assume therefare that the waiver request has been granted up& the 
acceptance farming of this designation request by FDA, unkss we hear ottterwise. Nate 
that if this request is not granted upon acceptance of this petition for fIiig, then you 
should consider this submission withdrawn. 

sub-m&xi: 
In accordan= with 21 C.F.R. Q 3-7, the folowing information is . 

IDENTIN OF SPONSOR 

CoflaGenex Phannaceuticais, Inc. 
301 s. st@e street 
Newton, PA 18940 

Establishment Registration Number: Not appiicabie. 

Company Contact Person: Mr. Christopher V. PuwaIa 
Director, Drug Development 4% _ 

Regufatory Affairs 

Telephone No.: 215-579-7388, extension 16 

Facsimile No.: 215579-as77 

-- 
. 
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PRODUCT DESCRIPllON 

Classification Name: 

Not appbbfe. 

Common, Generic, or Usuai Name: 

Doxycydine @date capsufes USP (20 mg.) * 

Proprietary Name: 

- Chemical, Physicai, or Biological Compositions 

Each Per&tat@ capsule is form&ted to contain 20 mg of doxycydine hydate 
USP as tie onfy active ingredient - 

Status and Brief Reports of Devefopment Wad 

Vl(jrth respect to the indicated use of doxycydiie that is the sub@ct of this 
request, tn 1983, it was demonstrated that a semisynthetic tetracydine, 
minocydine, could inhl%it collagen breakdown in the uncontzoffed diabetic gem+ 
free rat model of periodon& disease by a mechaniim independent of its 
antimicmbii properties o/of. 22, pp. 21-26). Further studies W&rated that& - 
e-was achieved by bfocking host-derived matrix metafloproteinases 
(%lMPs”) (coffagenase) and thus inhibiting bone and coffagen loss. Animaf 
studies have demonstrated that the tetracycfines, which have been chemfcaffy 

- aftered to render the mofecufe to be devoid of any antf-micmbiat acthity, afso 
. . Since &is impossibftzto indude copies of aif of the referenced infunnation- .-- _ 

without exceeding the page limitations specified at21 C,F.R Q 3.7(c), we are providing - 
instead generai chticrts to relevant volumes of the NW 5#-744 fosPef6~ e ---‘+ -5z -T - 

. 
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inhibii &er matrix metafioprute&ws, such-as geiatinase and macmphage - 
. elastase, and thus can inhibit connective tissue destruction by anok 

antimicrobial mechanism o/01; 2.5, pp. 4-155). It aisso was fbund that doxyc)rdine 
was the most potent inhibitor of MMPs of ail the cxxnmerciaily avaiiabk 
betracycfines. 

It has been shown in dinicat studies tiat coliagenase adiv’rty was r&&j 
in gingival crevicufar fluid as well as in adjjcent gingivaf tissue after 14 days of 
20 mg b,id, doxycydine hydate adminis?miion (Vol. 2.109, pp. 143; 91.101). 
During a 12-week study evaiuating tie effedc; ofdoxyqdine hydate, 20 mg 
b.i.d. and placebo in patients wittr adult periodontitis, it was demonstrated that: 

l No significant changes in gingivai itiammation oaxm-ed, but there 
was a significant reduction of gingivat czrevicufar ffuid &IUV, an 
indication of MMP adivity; - 

l Clinical parameters of tissue breakdawn, ia, diiicai attachment 
level and podcet defl, were significantly imprcsved; 

l Gfngival &icuiar fluid coflagenase activity was sWisti&fy 
significantly reduced by 47.3 pem 

_.- 
Description of Manufacturing Proces21: 

CoflaGenex relies on third-party au&ad manufkturers to pmd&e 
doxycydine hycfaie, the active ingredient in Periostat@, and to manufacture the 
finished dosage form (vat, 1 .I, CMC Se&on). 

Peii&at@ is intended for use as a part of a professional orai health 
program to promote periodontal attachment gain and to reduce bone loss, 
pocket depth -and bleeding on-probing in patients with adult periodontal disease 
(vol. 20% pp- l-!7). 

---._- - - __.. -.-_-.. _.-_. r- - -zL :- -- -- ,.-me- - -- - ._ . 
. 

- 



* j$- Amanda Bzyce Norton 
September lf,f997 
Page 5 

Description of Modes of A&XI; 

MMPs are an important family of zinc- and cafciumdependent 
endogeptidases secreted or refeased by a variety of host C&S (e.g., 
pqtymorphan~cieocytes, macrophages, bone cells, and fibmblasts) thatfirnctian 
at neutral pi-4 and use the various constituents of the ~~V~~~liutar matrix as their- 
-substrates, These pmteinases aw imrofved in normal ghysiiiogic eevents such 
as bone remodeling and invoiution of the post-partum uten& A va&Q of 
pathologic processes are characterized by eievate&teveis of MMPs, however, 
giving rise to increased connective tissue breakdown. These disease pwesses 
indude rheumatoid and osteoarthritis, &eopo&is, -and cancer metastasis. In 
particular, it has been shown that aduft periodontitis is accompanied by 
increased levels of neutrophii cofiagenase in the gimival crezcufat ffuid 

. . . 

- 
Unlike exist&g beatm&ts whictt ft~cus on ths bacterial-i . 

associated with periodontiik, Periostat@, as a MMP inhlStor, disrupts the chronic 
progressive tissue degradation characteristic of the diiease. As diicussed in the 
Periostat@ NDA (VoL 22, pp. 21-26). the active ingredient in PeriostaMB - 
(doxycycfine hycfate) treats periodorrtitis by inhibifing matrix metallopruteinas~ ’ 
(i-e:, leukocyte-tie and fibrobfast-type caflagenase, geiatinase, and 
macrophage elastase) (VoL 25, pp. 4455). Thii me&an&n of adion i% 
independent of the drug’s antimicrobial properties at higher dosage levels (Vol. 
2.36, pp. l-50). 

f 

As also discussed in the Periostat@ NW+, doses below 50 mg q.ci. 
doxycycfine hycfate are not effedive in providing a measwable rrntibactetial 
effect (Vol. 2.18, pp. l-50). me data and information submitted in support of the - 
Periost@B NDA confirm &at doxycycfme hy&te at doses of 20 mg. q.d. or 20 
mg b.i.d. ‘prwide a serum doxycyciine eoncentratiort below the minimum 1 .O 
@ml.,‘daxycydine concentxa~on (Vat. 22, p. n). The resuBs show that plasma 
concentrations wertzz at a steady state trj day 7 for the three tn?atment groups, 
with the mean pre-dose plasma doxycycfine concmtratiam at steady stak 

- ranging fmm 0.13 to 0.14 pc$rnt 0.32 to&34 pglmt, and 0.25 to 0.31 pgfmt _ --- _ -- 
following 20 mg q-d,, 2Q_mg b.i.d., and 50 mg q-d. dosing, mspectiveiy. The 
mean steady state concentration and the- @an steady state maximum. 
concentration vaiues fotlotiing doxycydine hydate treatments of 20 mg q-d. and 
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20 mg b.i.d were ail staiktica@s~ignikantiy I-merthan l.O&ml-the acceptwf 
’ threshold for antimicmbii a&vi@. . . 

. Also, in terms of thii request. nondinicai studies cited in the Periastat@ 
hA using a&m piate anaiysis and speciation via DNA probe anaiysis showed 
no anti-bacteriai efkct of doxycydiie hydate 20 q-d or 20 mg b.Ld. (Vol. 218, pp. 
l-50 and VoL 219, Report -ml 1 F), No efkcts were c&served on total . . 
anaerobic bacteria Acfhobacillus acfinomywtem~m~ PnsvoiefIa i&&me&, 
or Pophpmonas grigkak Fusobacteri’a, of Adiriomyces fmrn the periodontium 
of patients e aduk period&it&. 

Recent studies have shown that doxyedine and novel tetxacydiie 
analogs chemiwfiy modified to render them devoid of antimicmbiai activity can 
inhibit conneW tissue breakdown’ by a variety of direct and indirect - 
mechanisms in&ding (Vol. 25, p. 4; Vol. 22, pp. 21-26): - . 

I. Direct, non-compefitive inhibition of active cdagenase, whicfi 
appears to depend on the Cay and Zn* binding properties af - 
doxycydi: 

2 Prevention of the conversion of prcxoflagenase to coilagenase. 
which appears to be independent of metal ion b”mding properties; 
and 

3. Inhibition of the degradation of the serum protein,: a,-pmteinase 
inhibitor, 

Alpha,-pmteinase inhibitor is involved in the inhiiition of other tissue 
destructive ewes such as efastase which are not dir&y inhibited by doxycydiie. 
Maintenance of high concentrations of a,-pmteinase inhibitor in tissue would pro&c& 
elastase+usceptib!e connective tissue components such as elastic fibers, fibmnectin, 
and pmteogtycans, as well as maintaining high levels of the naturaity occwing TiMPs 
(tissue inhratiors of metaflopmteinases), which are also substrates for eiastase. _ 4----. _-_ -- .- 

-- 3 ._ . 

. 

. 
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Schedule and Durkfon of Use:- 

Periostat@ is recommended for tong-term daify use (up’to one year) at dose W 
OftJO mg b.,,id, 

.- 
. 

Dose and Routa of Administration: - 

Per&tat@ is intended sofefy for otat adrnini+tration. *. 

Description of Related Products and Reguiatrxy Status= 

Existing therapies and those treatments known by the Company to be 
under devefopment for perfodontitfs are designed primarify tti tr&& the bactedaf 
infection associated with periodontftis on’ a short-?enn, periodic basis. These 
treatments incfude mechanicat and surgicaf techniques* pruphyfactic 

.- appmacfies, such as mouthwashes, and locaffy defivered ‘therapies. 

We note that a variety of drugs indicated forantimicrobii use ara - 
sometimes regufated under section 507 of the FDC Act and sometimes not ’ 
These indude metronidazofe, whidr fs subjed to section 505, The precise basis 
forwhy some antf-fnfectfves are cfassffied as antfbiatics and others are nut is * . . 
undear. The agency appears to have been inconsistent in defining drugs ttrat . 
are subject to se&on 507, 

Other Relevant Information: 

By way of backgmund, CollaGenex submitted to FDA tile referenced 
pending. NOA for qeriostat@ on August 30,1996. The PeriostatcB NDA was 
ac&pted fkr filing on October 29,1996. When CollaGenex originally submitted . 
the appffcxtfon it was designated as NDA No, 20-64Z qn September 16,19W, _--.- 
however, CDERs Division of Dermatofogic and Dental Drug Pmducfs (the 
Vffisionl) informed the Company that the NDA number had been changed to - 
50-744, a reflection of the fact eat FOA assigns the SQ,OMl-seti~ numbers to 
tiff antffiotic appficatfans. Nonethefess, the appfication is currentiy being 
reviewed by the Divisian of Dennatatqic and Benta% Chq Pmdu&, rati the 

\\XDC-&-OUZ4tr(ll 
. 
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:- 

nwision of Antf-infective Drug Pfpducts. VZ$OUS FUA personnel hav! itxfbmrttd 
CollaGena that its application is being handIed and reviewed under section 5m 
oftheFWA& _ 

The Dental Drug Division advised ColWertti-when it fikd the NDA that 
dollaGenex could reqkst #at the NUA he designated as a 505(b) application. . 
The Company was atso infomred, however, that tie submission of such a 
request at tiat time coufd significantiy impede the agency% acceptance &he 
NDA for f%ng and substantive review. The Diiion afso suggested that - 
Co1laGene.x revise the appiimble NDA cover fetter and readdress the new 
drugiantiiiotic designation issue once the NDA had :been accepted for fiiiig. 
Therefore, on September. 1?,1996, C(%Genq submitted a revised cover let&r 
and Form FDA 3431 to reflect the new NDA number and to state that the NDA . 
was submitted pursuant to section 507 of the FDC Ad tier than section 505, ’ 
The Company is now addressing the antibiotic ‘ksue that is in diips& fy the 
submission of thii designation request. Although-#e agency componerrt 
(CDER) is not in question, the product jurisdiction of Periostat@ under se&on 
507 is in dispute, * * . . 

CollaGenex’s Recommendation: 

CdlfaGenex agrees that the agency component with primary jurisdidton 
for the review of the PeriostatQP NDA shouid be the Center for Drug Evaluation and 
.Research, park&arty the Division of Dennatofogic and Dental Products, not the 
Division of Anti-Infective Drug Products. Given the mechanism of action of and the 
indicated use for the drug whicft is the subject of NDA 50-774, the At+infeae 
Diiision would not be tie appropriate Division to review tk subject NOA. CoilaGenef~ * 

. also befieves eat the appropriate ckssifkation of ‘ks product is as a non-antitriatic drug 
subject to approval undei section 505, not section 507, of the FDC Act, fix the rtzasans 
diicussed betow. - - -_._ - - 

. 
f Certain written correspondence that CollaGenex received from FDA regarding - 

---NbA 5O-TT. subsequent to that date states that the appkatio-n-t&tt&~~rsuant 
to section 505(b) of the FDC Act. An action letter receik&Zn August q. 1997, 

----+eweve-r, states tba? the NDA is not appruvatle uti~~%&s@55i~tie A%%------ --L- - - - - -. 

. 
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The relevant provisions pkaiiing to this recommendatiori are sections 
201 (g) and 507(a) of the FDC AC% 21 US-C. 53 355(g).and 357(a)- Sectian 201(g) b 
pertinent because atiough section 507(a) defines an antibiotic, it do- SO in the 
c~tiext of the use of the word ‘drug.’ Section 507 r&&s to My tig. - . for use by 
man’ that has certain characteristics further defined by section 507(a). Section 507 .- 
therefore cannot be read in isotion. It must be read in conjunction wittt section 201(g),- 
which defines the term ‘drug’ that is referenced in s&on 507, 

. 

In pertinent pa& section 201(g) of the FpC dd defines the ward *drug ti 
mean an at-tide ‘m for use in the diagnosis, cure, mitigation, treatment, or 
prevention of disease of manmel: animals” (emphasis add+). .Therefon; whether 
a substance is ~Wu&%r ‘drug pmductVubject to section 507(a) depends on the _ 
produes intended use.. FUEs regufidons state thatthe words -Intended use* or 
words of similar import refer to the objective Went &he manuf&durer af ather pemm 
f-&fly responsible for the fabeling of the pmdud 21 C.F,R 5 PI.128 (19E)6). . _ 

Jjective intent can be shown by, among other things, labeling dainty,. advertising 
materiafs, or oral or written statements-of such persons or theit representatives. Id- ’ I 

* A product &category whfch meets tfire statutory defmiiorvaf a ‘drug in 
section 201(g) is an ‘antibiotic drug’ if it afso meets the requirements of section 507(a). 
Under the FDC Act all antiliotiq described in*section 507 are drugs if they meet the 
requirements of section 201(g), but not ail drugs are antiiiutics. The importance of this 
distinction traditionally is that antibiotics can be subject to certification and &I- 
requirements, whereas most other drugs-are not. More relevati today is tie - 
consideration that although antiiiatics are subject to abbevia&& appkatiwls,z they ars 
not subject to the exdusivity pmvisions of Tie I of the Drug f%ce Competition and 
Patent Term Restoration Act of 1984 because tky are not approved under section 505. 
See 57 Fe& Reg. l7950;17951(1992) and Glaxo, Inc. v. Hedder, 623 F.‘Supp. 63 
(ED.N.C. 1985). 

. 
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Section 507(a) of the FIX Act defines -the tann ‘antibiotic drug’ to mm 
‘ati drug intended for use by man containing any quantity of any chemical substance 
which is produced by a microorganism & which has the -to inhait or destroy 
microorganisms in diiute solution (in&ding the chemically synthesized equivalent af 
any such substance)’ (emphases added). It is undear what tie ‘intended for’ language 
in section 507 adds, if anything, beyond that same language-appeatig in se&ion . 
201 (a) pertaining to the general definiiion of a drug. -us, for a product to be -- 
categorized as an ‘antiiiot.3 drug, the rest of the language in-section 507 states thk 
two r~~$~in?ments must&e met. fhe drug must both be p;odu#Zd by a microorganism 
(or be the synthetic equivalent thetiof) & have the ‘capacity” to inhibit or destroy . 
micmorganisms ‘in dilute solution.” In short, the definition is Wo-pmnged, swing that 
status of a compound as an antibiotic’ is dependent both on its source or, in the case of 
a synthetic product., on its chemical stn~dure, and its microbial a&ivity in ‘diIu& 
sofution.’ . 

Periodat@ does not meet the statutory ‘anti&tic drug* provisionskf 
de&ions 201(a) and 507(a). It neither is intended for use as an antimicmbial agent not 
does it actually have the capa&y to inhibit or-destroy microorganisms at the -- 
recommended dosage levels that are used to treat periodon@& The dinical and - 
nondinicai studies described in the “Mechanism of Action” section oftbe Pesiostat@’ 
ND& which are reflective of objective intent, dearly demon&ate that tie only a&ve * 
ingredient in the drug product. doxycycfine hydate, is for use in the treatment of 
periodontitis in a manner which is not dependent upon me inhibition or destruction of 
mi#oorganisms. 

Intenns of the ‘source’ aspect of the first pmng of the antibiotic definition, 
doxycydine is synthetimiIy produced and-is not obtained From micrWaJ sources. - 
Periostat@ does not contain any quantify of a drug derived from a microbe; partkuiarty 
since microbes do not produce doxycycfine, Further, doxycydine is not the ‘cfremidy 
synthesized equivaleti of oxyktracyciine, . Doxycydine is chemicaity diierent from . 

. - oxytetracycfine. Although doxycycfine is derived from oxytemcydine, which is obtained - 
from microorganisms, this fad sh&id not trigger the source requirement of the 

- definition. Section 507(a) does not state that any use of a microorganism to produce a 
drug ri%itiei% the drug an-antibiotic For example, the use of a microorganism to -- - 
$oduce an intermediate or a precursor of a drug, inciuding active or inac3ive --I 

;--~~mpotien&~shoui$ not rendertie product an-~antiiotic. If it did, this interpn%ation---- e-e-.-- -- 
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would ignore the actual language of the.$attxk Mqreover, such an inteqx&tion 
. would require the agency to engage in a tiruugh investigation of the source of every 
axnp&ent used in the manufacture of a c$ug, perhaps even for those that do not 
actuaiiy appear in the final drug product. 

. 
Undue emphasis on the “sour& prong of the antibiotic definition can be. 

problematic for other reasons. In thii age crf modem genetic techniques,- * - :- - - 
microorganisms can produce a variety of s&Mances such as hormones, ‘hsuiin, and 
other drugs,- Then, too, biological drugs @sat are regulated under section 351 ofthe : 
Pubiic i-k&h Service A& 42 USC. § 262, amid also- be da&tied as antibiotics under 
this prong of the definition. See IntercentPrAgreement Between the Center for Drug _ 
Evaluation and Research and the Centerfor Bioiogios Evaluation and Research 
(CBER), at p. 5 (excepting’pmducts of ceil cuhe fmm Cl3ER regulation that are 
antibiotics). F&her, although antibiatic regulation was established in 1945 when th&e 
was insufficient knowledge and wntmf offrxmentation processes and methods of 
analysis.’ substantial advances in manufachring and assay methods have ocurned. 

he current lade of any cerWkation rq,timments for antibjotic$s is testimony to these . 
advancements. See 21 .C.F.R § 433.1 (19915). Indeed, the antibiotic provisions, as 
originally enacted, anticipated developments that would make antibiotic certiiicaticn 
unneoessary. See Statement of Watson 8. Miner, May 75.1945, on i-4, Rept No, 702, 
79th Gong-, 1st Sess-, reptinted in Senate Reports, 79th Gong;, 1st Sess, at p- II. For. - 
this reason, provisions were enacted in 1945 and .stiIl are conkained in the law today 
that allow for FDA-to exempt antibiotic drugs from any of the requirements of section 
507. See secthi 507(c), 21 U.S.C. fi 3570, 

These and other considerations discussed below indicate that whatever . 
reiative importance the “source’ prong of tile antibiotic defintion may once have had _ 
vis-&vis the second prong of the definiiim, such importance seems to have waned 
considerably. The substantive and distinguishing aspect of tie definition in section 
507(a) therefore pertains to the secund prong, ttre capa&y of a drug & inhibit or - - 
destroy micmoqanisms *in dilute sotutior~* since this quoted language is not defined _ - 
in the h&t6 bi in FDA’s regulations, nor does there appear to be relevant kgistative 

_. .- - 
. 

. 
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hii-on the &pic, we can onfy presumewhat may have been intended- The 
!anguage seems to refer to some inherent capacity d a chemiti to exert & 
antimicrobial effect, even when ‘d&ted Many cttemicafs c+.n have antimicmbiai 
effects at %fgh- doses, whether derived from microorganisms or not To repeat a &j&, 
but relevant phrase, 7he dose is the poisdn’ In the present si$ation, we cannot heip 
but f&l thereforrt that this quoted fanguage, coupfed with the intended use language af 
secfion 201 (a), is a reference to the dosage fevei at w&h drug3 are administered. 
Indeed, even cfassicai antf%iotics, such as eryfhroqcin or penidlin, wii not inhibP (p 
destroy microorganismsto any cfiiicalfy si@fkant degree-Whey are suflicientfy dilute& 
Siiifarfy, in the ‘difute softion’ of the recommended dosage fevefs of 20 mg bid., 
Periostat@ does not have the capacity to inhibit or destroy microorganisms.. 

. 

finaffy, we note also that the Cfinton Administration and FDA in a repc#t 
entitled ‘Reinventing tie Regufation of Drugs and Medical Devices~ (Aprii, 1995) bottr 
are committed to repeaffng se&on 507. Afl antibiotics woufd fonnaffy be made subje& 
to regulation under section 505. Indeed, the pradicai reafff today is that antibiotiu _ 

eady are regufated like other drugs subject to se&on 505. V@e therefore wish a ’ 
emptt&ze the signiikant competitive anornafy posed by section 507 status for - - 
~eriostat@. w&out Tiie f exdusivity, Period wifi be subject to generic competiflon .* 

of a refevant antiibiotfc monograph. CoffaGenex has 
tie development of’8s drug for periodontal-use. An adverse - - 

to copy Periostat@ and wiff force CoffaGenex to spend 
miffions of doI!ars more in’defendfng its patents covering Periostat@, it afso wii fikely 
discourage further product innovation in the anti-i-e area. The potential ofthesa 
additionat costs could prove devastating to CoffaGenex as a small company. 

1; ffgk of the foregoing facts and premises consider& PeriostataP 4s nut - - 
and shoufd not be treated as - an antibiotic drug withii the meaning of sections 201(a) 
and 507(a) of the FDC Ad CoflaGenex therefore respedfirfly requests that RIM 
designate the P&riostat@ NDA that has been atipted for f&g by tfte Uiiision of - 
Dermatofogic and i&@af Drug Products as subject to the new drug provisions of secticlrr ” -- - - 
505, not section 509, ofthe FDC Ad 

- _--._ _ -. .-...-.. 
_ . . -- * * * 

_---- 

_-__-__ ._- -’ 
.  

-._ _,._. - - .-.___- -- -- -w---1-_ ._-- _ _ .  .  --._I - 



(202) 736-36 10 

My 8. 1998 

Confidential pursuant to 5 USC 552; 
18 USC 1905: 21 USC 331 (j); 21 
CFR 314.30 and 20.61. 

Murray M, Lumpkin M.D. 
Deput)i Center Director for Review 

Management 
Center for Drug Evaluation & Research 
1451 Rockville Pike. Rm- 6027 (HFD-001) 
Rockville, MD 20852 

Dear Dr. I.Junpkin: 

I am writing this letter on behalf of my client. CollaGenex Pharmaceuticals. Inc...to . 
follow up on an earlier letter and my recent discussion with Mr. Morris&~ regarding the 
regulatory status of CollaGenex’ product Periostat. * As you know. FDA has been reviewing . 
CoIlaGenex’ NDA for Periostat@ as an antibiotic application under the now repeaied section 507 
of the Food. Drug, and Cosmetic Act (“FDCA”). CollaGenex believes that Periostat@ should - 
be approved under the new drug provisions in section 505 of the FDCA. The distinction is 
important because Periostat@ will not be eligible for market exclusivity if it is approved as an 
antibiotic. Given the fact that Periostat? does not kill or inhibit microorganisms. it seems both 
counterintuitive and potentially confusing to treat it as an antibiotic. Further. there is no legal 
reason to do so: Periostat@ does not fit the legal definition of an antibiotic because. among 
other reasons. it does not have the capacity to inhrbit or destroy microorganisms. It seems 
particularly unnecessary to designate Periostat? as an antibiotic at a time when Congms has 
abolished the legai distinction between section 505 drugs and section 507 antibiotics. This letter 
explains why CollaGenex believes it is only appropriate to approve Periostap under section 505. 

Periostat* (doxycycline hyclate capsules. U.S.P.. 20 mg,) is intended to be used as an 
adjunct to scaling and root planing to promote and maintain periodontal attachment level gain _ 
and to reduce pocket depth and bleeding on probing in patients with aduit periodo~tai disease. 
It is recommended for long-term daily use (up to one year). Periostat’s’ inhibits &&ix 
metalloproteinases (collagenase. getatinase, etc.). enzymes that cause connective tissue . 
breakdown. Thus. it disrupts the chronic progressive tissue breakdown characteristic of 
periodontal disease. 

Periostz? is not intended to nor does Cdestrcy or~inhibit.microorganisms, To be sure. ---_-- .= 
in dosages substantially higher than those in Periostat @ . doxycycline has an antimicrobial effect. 
and doxycydine is approved for that use at dosages of 50 mg- twice daity and above. At the 20 
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mg. dosage in Periostat’@ . however. doxycycline does not destroy or inhibit microorganisms, 
providing a serum doxycycline concentration substantially below the minimum serum level of 
i-0 microgram/ml needed for an antimicrobial effect. More information on studies of 
P&ostat’sQP ability jactualiy, its lack thereof) to destroy or inhibit microorganisms has be& 
provided previously in the Periostat* NDA and in the attached letter from Edward Korwek, 
submitted last September on CollaGenex’ behalf. Also attached are abstracts df two 
for&coming articles that provide additional information showing that Periostap is not 
antimicrobial. 

An NDA for Periostat@ was submitted under section 505 in August 1996. The product 
was assigned for review to CDER’s Division of Dermatofogic and Dental Drug Products. 
Before filing the application. FDA requested that CoilaGenex amend its cover letter to state 
that the application was being submitted under section 507. Although CollaGenex did not 
concur with FDA’s determination that Periostat@ is an antibiotic. the company submitted the 
revised cover letter, with the expressed intention of revisiting the designation issue at a later 
date. in September 1997. Mr. Korwek submitted the attached letter requesting that the 
Periostat” application be redesignated under section 505. During my recent conversation with 
Mr. Morrison, I agreed to renew in writing CollaGenex’s previous request. 

The FDCA defines an antibiotic as 

“any drug intended for use by man containing any quantity of a _ . - .. 
chemical substance which is produced by a microorganism and 
which has the capacity to inhibit or destroy microorganisms in 
dilute solution (including the chemically synthesized equivalent of 
any such substance).“’ 

The dkfinition clearly contemplates that quantity matters. To be an antibiotic. a drug must 
contain a “quantity of a chemical substance . . . which has the capacity to inhibit or destroy 
microorganisms in dilute solution.” A quantity of drug that does not have the capacity to 
inhibit or destroy microorganisms would not fit the definition.’ Thus. if Periostap has the 
capacity to inhibit or destroy microorganisms in dilute solution, it is an antibiotic: otherwise, it 
is not. FDA has satisfied itself that doxycycline capsules containing 50, 100. or 300 _ 

I. Former FDCA $507(a); former 21 U.S.C. 357(a); now FDCA 6 2Oi(jj); 21 U.S.C. 
32lQj). 

2. An alternate reading. that the statute meant to encompass as an antibiotic a chemi+l 
substance if any quantity could destroy microorganisms. appears far less plausible. Had 
Congress meant that the law be interpreted this way, it could have eliminated the reference to -- 

c - quantity altogether Sqtfiat Qe statute said that any drug c+aining a chemical substance 
produced by a microorg&;m and whicli h% tie-&pacify to..inliiFiitn~~rootganisms in dilute 
solution is an antibiotic. As a matter of statutory construction. the reference to quantity in the 
antibiotic definition has meaning only if it refers to the qua&q in the drug at issue, 
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milligrams of doxycycline inhibit or destroy microorganisms in dilute solution: FDA’s 
regulation establishing an antibiotic standard at these strengths makes that ~iear.~ Periostatcp, 
however, which contains doxycycline at a significantly lower strength, would not meet the 
test. in that at serum Ievels as administered according to Periostat’s IabeIing, it will not kit or 
inhibit microorganisms even at full labeled strength, much less when diluted. Thus, even 
though doxycyciine may be an antibiotic in some products. it is not an antibiotic in Periostat.’ 

Even if one were to conclude as a matter of law that Periostat@ could fali within the 
definition of an antibiotic. FDA could. and in my view should. stilt decide to approve it under 
section 505. There are several precedents for doing so. One obvious example is preservatives. 
Although some products contain ingredients that wouId be antibiotics at a higher dosage level, 
when the same ingredient is used for preservative purposes. FDA does not treat the product as 
an antibioticJ Similariy, both Lorabid@ (loracarbef), approved in 1991. and Azactam 
(~trecmam), approved in 1986. which are the subject of antibiotic monographs. were approved 
under section 505. 

, 

Perhaps the best reason to treat Periostat@ as a section 505 drug is common sense. 
Both medical professionals and consumers understand that antibiotics are products intended to 
destroy or inhibit microorganisms. Virtuaily every text we have identified proceeds on such 
assumptions. Stedman’s medical dictionary, for example, defines antibiotic as “a soluble 
substance derived from a mold or bacterium that inhibits the growth of other 
microorganisms. “’ Similarly, Goodman and Gilman define antibiotic as a substance produced 
by various species of microorganisms that suppress the growth of~other microorganisms and 
eventually may destroy them. In the past. FDA has expressed the same view. One need look 
no further than the OTC rulemaking for Topical Antibiotic Products to see that this is the case. 
In its tentative final monograph, FDA interpreted the term antibiotic to refer to a product that 
has the capacity to inhibit or destroy microorganisms and concluded that I... it would be 
misleading to allow marketing of an antibiotic containing drug product without labeling that 

3. 2 1 CFR 446.12Oa. (“Doxycycline hyclate capsules are composed of doxycycline hycfate 
and one or more suitable and harmiess lubricants and diluents enclosed in a gelatin capsules. 
Each capsules contains doxycycline hyciate equivalent to either 50. 100. or 300 milligrams of 
doxycycline. “) (regulation to be revoked September 24, 1998 as part of implementation of the 
FDA Modernization Act of 1997). 

4. See. e.g., 21 CFR 433.22. Biologic drugs that contain antibiotics as preservatives 
(regulation to be revoked September 24. 1998 as part of impiementation of the FDA 
Modernization Act of 1997). -__ - .- _ . 

5. Stedman’s Medical Dictionary, 25& Edition (1990). - - ..‘-A - I - -2’ -- -. .-_ _- 

6. Goodman and Gilman The Pharmacological Basis of Therapeutics, ninth edition. p. 1029. 
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indicates the product has microbial activity. r7 Treating Periostat* as an antibiotic when it has 
no antimicrobial effect wouId likewise be misleading. 

. 
The FDA Modernization Act of 1997 makes the common sense approach even 

stronger. &cause the distinction between antibiotics and drugs has been eiiminated. FDA 
neednot be concerned about the precedential effect of its decision on this product or about 
whether it is effectuating the intent of the Congress. Both Congressional intent and the future 
treatment of antibiotic products is dear. 

CoilaGenex appreciates your willingness to look at this is&e. I wh call you shortly to. 
follow up. 

SiGerely, ‘1 
_ 

/ / / 2: 
,? yc5 - :T 

Nancy L. But 

cc: NDA 50-744 

:- -I, -- -- 
- .--- . . - __ .: . - --.- .- 

7, FDA, Topical Antimicrobial Drug Products for Over-the-Counter Human Use: Tentative 
.‘= kin& Monograph. 47 Fed. Reg- 29986.29988.29991 (July 9. 1982). _-. _ 
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MDA 50-744 

CollaGenex Pharmaceuticals, Inc. 
Attention: Christopher PowaJa 

_ Director, Drug Development and Regulatory AEbirs 
301 South State Street 
Newtown, PA 18940 

Dear Mr. Powala: 

Please refer to your new drug application @IDA) dated August 30,1996, received August 30, 
1996, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for 
PeriostatTM (doxycycline hycIate USP) Capsules, 20 rng- We note that this application is subject 
to the exemption provisions contained in section 125(d)(2) of Title I of the FDA Modernization 
Act of 1997. 

We acknowledge receipt of your submissions dated August 28, October 1, November 13, 
December 8, 1997; January 6,14, aud 19, February 10, March 2,1,8, and 3 1, April 23 aud 28, 
July 9 and 29, and September 3,14,16,22,24 (2), and 25,1998. Your submission of March 3 1, 
1998 constituted a full response to our August 27,1997, action letter. The user fee goal date for 
this application is October 1,1998. 

This new drug application provides for the use of PeriostatTM (doxycycbne hyclate USP) 
Capsules, 20 mg as an adjunct to subgingival scaling and root planing to promote attachment level 
gain and to reduce pocket depth in patients with adult periodontitis. 

We have completed the review of this application, as amended, and have concluded that adequate 
information has been presented to demonstrate that the drug product is safe and effective for use 
as recommended in the enclosed labeling text, Accordingly, the application is approved effective 
on the date of this letter. 

The fiual printed labeling (FPL) must be identical to the enclosed Iabeling (text for the package 
insert, immediate container and carton labels), Marketing the product with FPL that is not 
identical to the approved labeling text may render the product misbranded and an unapproved 
new drug. We acknowledge your commitment made in the teleconference with this Division on 
September 16,1998, to revise the carton and container labeling so that the prominence of the 
established name and tradename is commensurate and in accordance with 2 1 CFR 20 1.10(g)(2). 

Please submit 20 copies of the FPL as soon as it is available, in no case more than 30 days after it 
is printed. Please individually mount ten of the copies on heavy-weight paper or si.miJa.r material. 
For administrative purposes, this submission shouId be designated “FPL for approved NDA 
50-744”. App~~oval of this submission by FDA is not required before the labeling is used. 
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We remind you of your Phase 4 commitments agreed to in your submissions dated August 3, 
1998, and September 14,1998. These commitments, respectivefy, are listed below: 

Protocols, data, and final reports should be submitted to your BID for this product and a copy of 
the cover letter sent to this NDA. Lf an IND is not required to meet your Phase 4 commitments, 
please submit protocols, data and finaI‘reports to this NDA as correspondence. In addition, under 
2 1 CFR 3 14.82@)(2)(vii), we request that you include a status summary of each commitment in 
your aMuaI report to this NDA. Thi status summary should include the number of patients 
entered in each cI.inicai study, expected completion and submission dates, and any changes in 
pIans since the last annual report. For admin&mtive purposes, aII submissions, in&dmg labeling 
supplements, relating to these Phase 4 commitments must be clearly designated ‘Phase 4 
Commitments”. 

In addition, please submit three copies of the introductory promotionaI mat&&Is that you propose 
to use for this product. AII proposed mate&Is should be submitted in draft or mock-up form, not 
finaI print. Please submit one copy to this Division and two copies of both the promotional 
materials and the package insert directly to: 

Division of Drug Marketing, Advertising, and Communicatio&, HFD-40 
Food and Drug Administration 
5600 Fishers Lane 
RockviIIe, Maryland 20857 

Please submit one market package of the drug product when it is availabie. 

We remind you that you must comply with the requirements for an approved NDA set forth under 
21 CFR 314.80 and 314.81. 

If you have any questions, contact Roy Blay, PhD., Project Manager, at (30 1) 827-2020. 

sincerely, 

Jonathan K. Wilkin, M.D.. 
Director 
Division of DexmatoIogic and Dental Drug Products 
Office of Drug Evaluation V 
Center for Drug Evaluation and Research 

Enclosure 
.-- _- v-2. - -_-_ _ _ -. -- -- . - ^. /. _ 
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SUMMARY OF NDA STUDIES 

Study No. 

5732.1 IA 

5732.11 E 

5732.11F 

Method 

Open-label, repeated 
dose, randomized, 
three period cross-over 
study (2Omg. q-d. 
/2Omg. b.i.d./ 5Omg. 
q-d.) of 30 subjects. 
Randomized, multiple 
dose, three period, 
cross-over study 
(20mg. b.i.dJ40mg. 
q.d./50mg b.i.d.) of 
15 subjects. 
Double-blind, placebo- 
controlled, randomized 
study of 66 subjects 
with adult periodontitis 
(20mg. doxycycline 
hyclate b.i.d/20 mg. 
q.d.). DNA Probe 
analysis. 
Double-blind, placebo 
controlled parallel 
study (1Omg. q-d.1 
20mg b.i.d./ placebo 
bid) of 40 subjects. 

40 subject, 12 month, 
double-blind, placebo- 
controlled, trial to 
evaluate the effects of 
low dose doxycycline 
on attachment levels 
(1Omg. q-g/ 20mg. 
g.d., 20 mg. b-i-d.) 

Conclusion/Result 

Plasma values of 
doxycycline were 
below threshold of 
antimicrobial activity 
at 20mg. 

The plasma values for 
20mg bid and 40mg 
q-d- were statistically 
significantly below the 
threshold for 
antimicrobial activitv. 
No shift in levels of P. 
intermedia or P. 
gingivalis, (data 
insufficient data to 
support statistical 
analysis). 

Doxycycline hyclate 
doses of up to 20 mg. 
b-i-d. does not have 
an antrbacterial effect 
on total anaerobic, 
fuse - bacterium or 
Actinomyces counts. 
Doxycycline hyclate 
did not alter the . 
population dynamics 
of bacterial species 
through antimicrobial 
action. 

Pages * 

18-0008 
to 
18-0009 

18-0010 
t0 

18-0012 

18-0014 

LO18; 

19-0001 

hoo8 

19-ooo9 
:o 
L9-0035 
18-0024 
:o 
it8-0045; 

19-0036 
10 

19-00193 

* All page citations are to volumes 2-18 and 2-19 of CollaGenex Pharmacueticals, 

kc., NDA 20-642 Submission, Section 7 - Microbiology (dated August 30, 1996). 



Long-Term- .Treatm.ent With Subantimicrobial 
Dose Doxycycline Exerts No Antibacterial 
Effect on the Subgingivai lvlicroflora -. 
Associated With Adult P&riodontitis. 
Clay Walker,’ John Thomas,t Sonia Nang6,* 
and Christopher Powala* 

Jennifer L&non,* Jeanne Wetzel,? 

Background: The purpose of this study was to determine 
whether treatment with subantimicrobial dose doxycyckne 
(SDD), 20 mg bid, exerted an antimicrobial effect on the 
microflora asdated with adult pedodontitis. 

Methods: Following the approval of the p&l and i&ned 
consent forms by the respective IRBs at the University of Florida 
and West VIIinJa University, 76 subjects with adult perbdonff- 
tis were entered and randomIy assigned to receive SDD or 
placebo. A split-mouth design was utilii&i~ with each subject 
receivind subgingivai scaling and mot planing (SRP) in two 
quadrants immediately following baseline data collection, while 
the remaining two quadrants were Ieft unscaled (non-SRP). 
Microbial samples were collected prior to treatment, after 3,6, 
and 9 months of treatment, and after 3 months of no treatment. 
The samples were,.examined by microscopy and by enumem- 
tion on sdective and non-selective media. . 

Results: All treatments resulted in statistically signifzcant 
decreas& in the proportions of spirochetes and motile rods 
(P 4.05) and in an increase in the proportion of coccoid bms 
(P4.0001) relative to baseline. No between-treatment differ- 
ences were detected between the SDD and placebo treatments 
in #her the SRP or non-SW design, with the exception of the- 
small and large spimchetaf groups. The spkochetal proportfons 
present in the SDD group were significantly lower (P&,05) than 
the paired placebo group during the g-month treatmentand was 
preceded by a significant decrease (P&01) in the proportion 
of microbiologic sample sites that bied on probing. No between- 
treatment differences. were detected in any of the other micro- 
biai parameters. 

Conclusion: The microbial differences observ; were attrib- 
uted to the anticollagenase and anti-inflammatory propert& of 
SDD and not to an antimicrobia! effect. J P&odon~ol2ooO;7I: 
146!T-1471. 
KEX WORDS - 
Periodontitis/microbfoiogy; doxycycline/thempeutic use; 
clinical trials, controlled. 

._ 
S ubantimicrobial dose d&ycyckne 

&DO)’ consistin 
cyciine hyclat 3 

of 20 mg doxy- 
bid has been 

approved as.an adjunct to periodontal 
scaling and root planing (SRp) fix the. _ 
treatment of adult perkxiontitis, Doxy- 
cydine, like tetracycline-‘and-mlnocy- 
dine; in addition to being a broad-spec 
trum antimicrobial agent, also has 
inhibitory activity on host-derived colla- 
geneses and other matrix metallopro- 
teinases by mechanisms independent of 
its antimkzrobial properties, SpedScaRy, 
tetracyciiies inhibit the activity of mam- 
maiian neutrophil and osteoblast colja- 

--genases that appear crucial Sn the 
destruction of -Type I and ll collagen - 
found in the- periodontal llgament.12 - 
Apart from their anticollagenase activ- 
ityV tetracyclines are also reported t0 
have anti-inflammatory properties and 
to be potent ‘inhibiin of osteodast fimC- 
tion.3 Doxycycliie fs the most potent 
anticoilagennse Inhibitor of the cornmeP 
cially available tetracyclines with IC50 
values of 16 to 20 pM for collagenases 
from PMNs, dental plaque, and g-81 
tissue,@ ~eved sttenn dinkd sbd- 
ies have reported that SDD resulted in a 

_ 

decrease in collagenase activity which. 
was accompanied by a beneffcial and 
significant improvement in attachment 

ouaG=--lhc.pkvad*;r ?z?-= 
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levels and probing depthg.6-7 More recently, u Iong- 
term, multi-centered clinicaI study compared the eff& 
cacy of a g-month regimen of SDD following SRP to 
a placebo control and found that. the use of SDD/SRP 
showed statistically significant improvements in attach- 
ment ieve and probing depth relative to SRP with a 
pIacebo.8 

Substantial evidence indicates that the adjunctive 
Use of SDD provides a significant benefit- to SRP due 
to its anticohagenase and anti-inflammatory activities 
rather than to its antimicrobiaI activity. However, seri- 
ous concern has been expressed that even suban- 
timicrobial Ieveb of doxycyciine may exert a detri- 
mental effect on the subgingival flora. Such an effect 
could result in the disruption or suppression of the nor- 
maI flora and lead to its coIonization or overgrowth by 
periodontal or opportunistic pathogens. me purpose 
of this study was to stringently evaIuate the effects of 
a g-month regimen of 20 mg doxycychne bid reIative- 
to a pIacebo contro1 on the subgingival flora, 

MATERIALS AND METHODS 
Study Desrgn 
CticaI and microbial data were cokcted at the Uni- 
versity of Florida and West Virginia University -from 
subjects with aduk periodontitis during a g-month treat- 
ment period followed by a 3-month no-treatment 

Period. Microbiological samples of subgingivai plaque 
were collected prior to the initiation of treatment (base- 
Iine), after 3,6, and 9 months of treatment, and at 3 
months post-treatment. A total of 76 subjects (38 at 
each study site) with adult periodontitis who met the 
inclusion and exclusion criteria set forth in the exper- 
imental protocol were entered into the placebo-con- 

- trolted, double-blind treatment phase. 
The design of the study was as follows: A sptit- 

mouth design was used where two quadrants in each 
subject received scaling and root planing (SRP) while 
the opposite two quadrants did not (non-SRPJ. The 
quadrants selected to receive SRP ‘were required to 
have a minimum of two sites with probiig depth (PD) 
and loss of attachment level (AL.) of Z5 but ~9 mm and 
that bied on probing. The non-SRP quadrants may or 
may not have met this criteria. Each subject was then 
randomly assigned to receive either SDD or placebo 
treatment- Thus, in effect, there were four treatment 
groups: SRp-SOD, non-SRP-SDD, SRP-placebo, and 
non-SRP-Rlacebo. -SRP-placebo was considered as a 
Positive control, while non-SRP placebo was a true 
negative contra!,. Thus; the study was considered to 
consist of two parallel experiments. SRP-SDD and non- 
&?P-SDD were paired as were non-SRP-SDD and non- 
S&-placebo so that the SDD was the variable tested- 

Ali subjects who completed the g-month treatment 
phase were invited to continu&i~ aSmonth no-treat- 
ment phase. Of the 67. subjects who completed the 
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g-month treatment phase, 27 of 36 and 26 of 29 sub- 
jects at the University of Florida and West Vi@& &I- 
VersiM respectively, returned for sampIing at the end 
of the 3-month no-treatment period. 

A total of 4 sites, distributed in a rnirrimum of 3 
quadrants (4 quadrants were selected where possfble), 
withPD25mmbut48mrnwereseIect&Iinea~s& 
ject for microbial sampling: two sites were from the 
SRP quadrants and two horn the non-SRP quadrank 
These sample sites were retained throughout the study. 
Pfaque samples were colkcted using sterik enciodon- 
tic paper points as previously described9 The two 
microbial sam~ks co&cted from the SRP sites were 

_ pooled by subject and then proc.essed, as were the 
two samples from the non-SRP sites. 

MkmMit.f Enumeratfon 
Immediately following collection, sampIes were trans- 
ported to the microbiology Iaboratories~ The samples 
were gendy sonicated to dispense adherent plaque and 
then processed. Each sample was examined by direct 
microscopy and by culture on selective and noti-s&c- 
tive media. 

Microscopy. A 10 p1 aliquot of the sampte was 
removed under anaerobic conditions and placed on a 
clean sIide for examination at 1,009x by dark&Id 
microscopy. Eight distinct cellular morphotyPes were 
distinguished and enumerated as previously de- 
scriM*‘O 

Selective and non-selective media. Followfng a 
series of IO-fold dilutions in pre-reduced, anaerobic- 
sterilized Ringers solution, performed under strict 
anaerobic conditions, 0.1 mI aliquots were dkptnstd 
onto agar plates and spread with sterile glass rods. 
The following taxa were enumerated on selective and 
non-selective media: total anaerobic counts, total fac- 
dative counts, total S&P- totalAc?lmmym, 
Actinobaciflus act@omycetemcomftans, Efkenella ax- 
nxiens~ Fbphytmwnas gingivalis, +teUa Intense- 
d&s, Bactervides @rsythus, enteric bacteria, Sk@@- 
coccyx aureus, and Ckndfda Estimates of obligate 
anaerobic bacteria were determined by subpacting the 
total facuhative count from the total anaerobic couw 
of the facultative count was greater than the anierobfc 
count, a zero vafue was entered for the obligate anaer- 
obes. Bacteria tentatively identified as f? &km& 
are, in reality, F! intqnedia sertsu Lao S~IICC I? Inter- 
me&a was not differentiated from f? n1-m 

Statistical Am&&s 
The study was considered to consist of tw-rallei 
experiments, each of which was designed to t&t ti dif-- - 
ferences between doxycycline treatment and a placebo 
control. One design squght f& differences foIlowing 
conventional periodonta. 1 treatment consisting Of 
mechanical scaling and root planing (SRP), and-the 
second sought for differences without the initial ~eri- 
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odor&al therapy of scaling and root planing jnon-SRP). 
With this in mind, the resulting data sets were ana- 
lyzed with the subject as the statistical unit to detect 
if differences existed at any sample Period between 
doxycycline-treated and placebo-treated subjects. 

The factoral ANOVA and F&e13 PLSD test were uti- 
lized to determine if statistically significant differences 
.w+re present between the paired treatment groups at 
each sample perki. The repeated measures ANOVA 
was used for longitudinal anaiyses to test for ciiffer- 
ences within a treatment. tf differences were detected 
longitudinally, the paired t test was used to detect the 
Iocation of the differences. In cases where outliers were 
suspected, e.g., microbial culture counts that could 
influence parametric analyses, the Wilcoxon signed 
rank, a non-parametric version-of the paired t test, 
was used tg vecify staffstical significance. Since the 
paired t test and Wilcoxon signed rank require 
matched samples from the same subject and the 3- 
month Post-treatment data were derived from fewer 
subjects than the g-month data set, it was necessary 
to construct a new data set lhnited to those subjects 
who consented to participate in the 3-month no-treat- 
ment phase for analyses seeking differences in the 
latter. 

A total of 78 subjects were entered at the two study 
sites with the expectation that a minimum of 65 sub- 
jects would complete the g-month treatment phase of 
the study. This sample size, if equally split, had a 90% 
power of detecting *difference of I lwlo in microbial 
counts between SDD and the paired treatment. AIi sta- 

_ tistical comparisons were based on PzZl.05. - 

Differences between and withintreatment groups were 
analyzed for each of the following morphological 
groups: small, intermediate, and large spirochetes: 
motile rods; coccoid fom-rs; non-mottle rods; fusiforms; 
and filamentous rods. 

Between-treatment differences. No btween-treat- 
ment differences were detected for any morphological 
group other than the spirochetes. In the SRP design, 

. the proportion of smalI spirochetes (Table 1) present 
at the 3- and 6-month sample periods and the pro- 
portion of large spirochetes (Table 2) present at the 6- 
month sample were significantly lower in the SDD 
group than% the placebo group (P<Q).OSjrIn the non- 
SRP design, the proportions of both the small and Iarge 
sp~~l@A L-q% prcs~at the g-month sample were 
sign&fkantIy lower in the SDD group than in the placebo 
gyoup (P co.05). 

Within&&&nent diicrences, Differences within a 
treatment were analyzed using the paired t test to 
detect if the treatment had any si@cti~&on a 
partkuiar morphologic group. Both the SDD and 

TaMal. . 

Mean Percentage of Small Spirochetes 
Relative t6 TotdI Microscopic Flora for SDD 
and Placebo Treatment Groups in SRP and 
Non-SW Design 

Table 2. 

Mean Percentage of Large Spirochetes 
Relative to Total Microscopic Flora for SDD 
and Placebo Treatment Groups in SW and 
Non-SRP.Design 

placebo treatments, regardless of SRP or non-SRP 
design, produced statistically significant reductions 5x1 
both the intermediate and large spirochetal groups 
(Tables 2 and 3). inthe SRP design, the SDD treatment 
yielded significant reductions in small spir&hetes, rel- 
ative to baseline, for all. 9 months of treatment, while 
the placebo treatment demonstrated only slgdkant 
reductions at-the g-month sample pet%,$--~ab]e&Iz __ 
Significant reductions in the pioportion%f,-mot%&‘= 
were detected for all treatments at all sample periods 
relative to baseline (Table 4). Sign&ant increases 
(P <o+OOOl) were found in the propcrtioc of coccoid 
forms, relative to baseline, for aU sample periods. fl&ble . . 
5). No sigr&icaM changes were hoted during any&eat- 
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we 3. 
Hean Percentage of lntermediate Spirochetes 
Relative to Total Microscopic nora for SDD 
and Placebo Treatment Groups ‘in SRP and 
Non-SRF Design 

T?lbk 4. 

Mean Percentage of Motile Rods Relative 
to Total Microscopic Flora for SDD and. 
Placebo Treatment Groups in SRP and 
Non-SRP Design . 

merit in the proportion of non-motile rods, fusiforrns, 
or fikunentous rods present at any sample period. 

Culture Enumeration .. 
As with the microscopic parameters, data analyses 
were conducted to detect statistically significant dif- 
ferences both between and within the treatment groups. 

Between-treatment differences. With one single 
exception, no statistically significant differences (P 
~>0300) were detected between SDD and placebo treat- 
ments in‘ either th=SP,” or.,wn-Sf@&si~*tany sam- 
-le period for the total cuitivatie bacterial mass (total 
.iaerobic counts,&tal facultative counts, or obligate 

anaeM%s), normaTfiok3 (toGil.3treptococci, total actin- 
omyces), putative peri0dOntdl pathogens (R ghgiU&, 

Cffnical Parameters Assocfited Wfth MicrvbLal 
Sample S&s 
Since stadsticaUy sign&ant mkrobiai decreases, either 
between or within treatments, during the g-month treat- 
ment Period were associated with motile groups (Spiro-’ 
chetes and motife rods) that have been used 8s i&i- 
caton of disease activity, the clinical indices Obtained 
for the microbiolo&qsampIe sites at each sample 
period vjere analyzedf.-. 

----Between-treafment diierences. No statisdCdy Sig- - - 
nificant differences were detected between the SDD 
and placebo treatments in theSRP design for either a-r------ -:- 
or PD at any sample period. However, in the SRP -- j’- 
design, the percentage of BOP sites (Fig. 4) in the --- _. 
SDD group was signifkantiy lower (P<o.Ol) than the -.- - 
placebogroup at all sample Periods following baseline- --L.- --- 

f? interniedia, B. Ibrsythus, A. actinomycekwwsm%~~~~n-SW design, significant gains .(P ~0.01) in 
-or E corrocfens~), or opportunktk pathogens (Can&k, AL were present in the SDD group at 3, 6, and 9 

enteric bacteria, or S. aureus). The only exception was 
that the total facukative counts were significant.@ w . - 
(P = 0.0146) in the placebo treatment cOmp& b 
the SDD treatment group in the SRP design at he 6. 
month sample Period. No differences were detect4 
between treatments at any other sample peeod (p 
>03000). 

Within-treatment differences. The means of the 
colony forming units (CFCis) for to&I anaerobic &nb, 
facultative counts, and obligate anaerobes obtained at 
each sample period for each treatment are given in Fi- 
ures 1 thkugh 3. Statisticaily sign&ant increti were 
detected with the paired 1 test in both the total anger- 
obic counts and the obligate anaembes present at 3 
months relative. to baseline for the SDD and placebo -. 
treatments in bc$h designs. Significant increases were - 
also detected at 6 months, relative to baseline, for both 
the SDD and placebo treatments in the non-SRF desii 
However, when these data were reanalyzed using the 
Wilcoxon signed rank test to minimize the effects of 
extreme outliers, statistically significant increases were. 
detected only in the placebo treatment in the non-SRP 
design for the total anaerobic counts and the obligate . 
anaerobes at 3 and 6 months relative to basetie (P 
(0.02). Significant increases were noted in the number 
of facultative counts present at 6 months relative to 
baseiie for the placebo treatment in both the SRP and ’ : . 
non-SRP designs, but these increases were not statis- 
tically significant when reanalyzed using the Wkoxon 
signed rank test. MO statistically significant differences 
were detected within the SDD or placebo treatment 
groups in the SRP and non-SRP design by either the 
paired t test or Wilcoxon signed rank test in any of the 
following microbial groups: strePt.ococci, Adinomyces, 
R gfngfvalfs, ?? hLermedfa, B. fbrsythus, A. actho- 
mycetemcomltans, E curro&ns, Cartdfd&, enter& or 
s. alffeUS, 



Table 5. 

Mean Percentage oPCoccoid Forms ReIa&e 
- to Total Microscopic Flora for SDD and 

Piacebo Treatment Groups ‘in SRP and 
Non-SRP Design 

months and fewer sites bled on probing (P&005) ai 
6 and 9 months. No differences were detect&hPD 
at any sample period. 

Within-treatment differences. Statistically signifi- 
cant (PcMOOl) increases in AL and decreases in P_T, _ 
were detected at 3,6, and 9 months, relative to base- 
!&-regardless of treatmFt_-or c&sign. No significant - .^.-. 
differences were detected %ween ‘either the 3-;d~or- 

‘g-month measurements relatiSe to etich other. Signif- 
icant decreases in proportIon of BOP sites (Fig. 1) 
were noted at 3,6, and ?-months, relative to baseline, 
for the SDD group in the SRP design (PcO.0005) and 
in the non-SRP design- (FW.01). Significant decreases 

in BOP sites were not&d in the placebo group in tk 
-SRp design&J~and 6 .mbnths (P 4.001) relative to 

baseline but not at 9 months, apd in the placebo group 
in the non-SW design at 3 m-on-@ (P&005) but not 
at-6 or 9 months. 

.DISCUSS1OM - _ --.-. 
The principal objective of this Investigation was to _ 

D exerted. any detectable effect 
i% that cowid be attributkd to -* - 
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antimicrobial activity. Doxycycline is normally given 
at a daily dose of 100 mg, following a loading dose of 
200 mg, which yields biologically active revels of- 8 
to 16 pg/ml In the gingival .crevicular fluid and. 
around 4 &ml in the blood.” Studies in human vol; 

. unteers have demonstrated that 20 mg doxycychne 
bid yields steady-state serum concentrations of 0.6 to 
0.8 p&ml (unpublished data). This level is consider- 
ably beIow the minima1 inhibitory concentration (MC) 
determined in vitro for the vast majority of the bacte- 

_ ria isolated @ m  the subging’rval flora.‘a13 Since sub- 
gingival plaque exists as a biofilm rather than in a 
planktonic state,14 even higher drug concentrations 
are probably necessary for in vivo inhibiion. Even so, 
the possibility exists that levels obtained with. SDD 
might be inhibitory for certain bacteria that are exquis- 
iteIy sensitive to the tetracyclines. Therefore, in this 
study, a comprehensive microbial examination of the 
subgiigivai flora was conducted by microscopy and. 
culture enumeration in an attempt to detect differences. 
between and within treatments that could be con- 
tributed to an antimicrobial effect . 

these organisms. Although the large spmetes have 
not been cukivated and their sensitivity to the m - 
cyclines is uJlknowl, it is generally thought th& &c _ 
small spirochetes are relatively sensitive to the tetm- 
cyclines, although resistance has been- reprted.15 
Therefore, it n&ht be argued that the supp& of 
the spirochetes was due to the antimicrobfal a&&y. 
of doxycycliie. However, other bacteiial groups am _ 
equally sensitive, if not morei so. Almost all holab 0t 
R gfngiu& are,*hhitqited in vitro by 5025 p&nl dthe 
tetracyciines.12*3*16 Neither we nor a number of other 
investigators have been successfuf in isolating wild-. 
type strains of this organism with naturally OccLntfns 
resistance to the-tetracyclines. In the study reported 
here, there were no differences between treatments at . 
either West Virginia University or the‘ University of 
Florida in the numbers of R g@fu&fs re&vered at 
any sample period. This tends to argue against the . 
possibility that the decrease in the relative proportion 
of the spirochetes was due to antimicrobial actfvfty, 
since corresponding decreases in the numbers or pro- 
portion3 .of F! g&7iua& were not found. 

Another possibility that has been advanced is that 
the decrease in sp’kochetes was due to the periodon- 
tal pocket becoming more aerobic. Since the spfm- 
chetes are thought to have a reIatively low redox (Eh) - _ 
requirement for growth,“’ anincreaseintheEhofthe 
pocket might favor the growth of more oxygen-sensi- 
tive species at the expense of the spirochetes. How- 
ever, this would most kkeiy occur following mechani- _ 
cal disruption of the structure of the plaque blofikn. .ff 
this were the case, one would not expect to 6nd treat- 
ment differences between SOD and placebo treatments 
in the SRP design, since both groups received peri- 
odontal scaling prior to the adjuncdve treatment reg- 
imen. 

_ The most IiieIy explanation for the'obsecved spire- 
chetal differences between treatments is prcrbably 
related to an improvement in the health of the peri- 
odontal pocket There was significantly less ir&m- . 
mation as determined by the proportion of sites bletd- 
ing on probing in both SOD groups relative to placebo. 
The proportion of bleeding sites was significantly ~ZIW?X - . 
in the SDD/SRP group than the placebo group at 56, - 
dnd 9 months (P 4.005) and in the SOD/non-SW 
group at 6 and 9 months (Pcfl.OO5). Within-treatment 
analyses revealed staiigkalfy significant lmproVemeneg 
for all treatme& in .-,-and BOP- Concu=ntfy 
with these improvements in clinicaI indices, wfthin- _ 

No statistical or microbiological differences in any 
of the microbial parameters enumerated wem detected 
between SDD and placebo treatments in either the SRP 
or non-SW design, with the exception of the spiro- 
chetes. In bothdesigns, the small and large spimchetal ___ .-rea.ment. analyses detected statistically significant _._.__ 
groups were found to be significantly low&i at ckt%in - de&a%5 in spirochetes and motile rods 3ith COME- 
A~riods in the SDD treatment than in the correspond- spending increases in coccoid forms- Since dcro- 
ing placebo group. There are severar p~33FZ5k exxta- scopic motility and bleeding on probing are ofh use- 
nations for the suppression of the spirochetes In the fd as indicators of disease activity, it seems re4sondle 

,?SDD groups. One is that the levels of doxycycline to expect some re!!tionship between the two. There- 
- obtained in the periodontal pocket are inhibitory -for fore, we thi&‘~3&*Gl explanation for. fhe . 
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between-treatment ‘differences in spirochetes Is that 
the microbial sample sites improveh in health due to 
&e anti-infIammatory properties of the drug so that 
fewer nutrients were avaiiable to support the growth of 
spirochetes. It could be argued that the decrease in 
the spirochetal popuIation was responsible for the 
irnpmvernent in health, with the decrease being due to 
the. antimicrobiaI activity of the drug. We do not think 
that this islikely due to the fact that between-treatment 
diffkences were not detected in any of the other mim 

- bial param&rs. If the decrease in the number of sites 
bleeding on probing was due to an antimi~bial’effect, 
between-treatment differences in microbial parame- 
ters should occur prior to the detection of improve- 
ments in cIical indices. In this study, the proportion 
of sites bleeding on probiig had decreased prior to 
the detection of significant between-treatment differ- 
ences in the proportions of smaII and large spirochetes. 
Since the dnical effect was observed before the m&o- 
bial effect, we think this supports the hypothesis that 
the between-treatment differences were due to the 
drug’s anti-infIamtnatory effect rather ‘than to its antimi- 
&obiaI effect. 

In conclusion, no antimicrobial effect could be 
detected during or following a g-month treatment reg- 
imen with 20 mg doxycycfine bid, relative to placebo 
control, on total bacterial counts, the normai flora, or 
in e-tier periodontal or opportunistic pathogens. Doxy- 
cycline had no detectable antimicrobiaI effect on 21 dif- 
ferent microbial parameters commonIy used to eval-. 
uate changes in the subgingival microflora. 
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‘,orig-Term Use of Subantimicrobial Dose 
hxycycline Does Not Lead to Changes in 

‘Antimicrobial Susceptibility 
John Thomas,’ Clay Walker,t and Mark Bradshaw) 

Background: Adjur-ictive subantimicrobia1 dose doxycycbne 
(SDD) with scaling and-root planing reads to improved ciinical 
parameters of adult periodontitis, but has raised questions about 
potential changes in antibiotic susceptibibty of -the host 
mkroflora. Our four studies assessed whether long-term SDD 
changes antibiotic susceptibility of the oral mioroflora in adults 
withpeliodontitis. . 

Methods: in studies 1 and 2, aduit patients with periodonti- 
tis were randomized to receive SDD 10 mg qd, 20 mg qd, 20 
mg bid, or placebo. In study 3, patients were randomized to 
receive SDD.20 mg bid or placebo. No medication was admin- 
istered in study 4, -a follow-up to study 3. Subgiigival plaque 
samples were collected at basel’me (all studies) and at 12, 15 
to 18, and 24 months (study 1); 12,. 18, and 27 months (study 
2); 3.6, and 9 months (study 3); and 3 months post-study 3 
‘study 4). Antimicrobial susceptibility of .isolated bacteria was 
assessed by 1) minimum inhibitory concentration (MIC) levels 
(studies 1 and 2); 2) cross-resistdnce to non-tetracycline antibi- 
otics (studies 2 and 3);, ana 3) the prop&ion of doxycycline- 
resistant isolates (studies 3 and 4). 

Results: Organism MIC levels remained con&ant among all 
treatment groups at 18 and 24 months compared with baseline 
(study 1). Observed changes in susceptibility at 12 and 18 
months for the 20 mg groups were attributed to the limited num- 
ber of isolates tested (study 1). There were no statistically sig- 
nificant differences in the proportion of doxycyciine-resistant 
isolates among treatment groups (studies 3 and 4), and no evi- 
dence of multi-antibiotic resistance (studies 3 and 4) or cross- 
resistance (studies 2 and 3) at any timepoint. 

Conciusion: Long-term SDD does not contribute to changes 
in antibiotic susceptibility. J PeriodontoZ 2000;21r1472-1483. 
KEY WOfiDS 
DoxycycHne/therapeutic use; drug resistance, microbiah 
antibiotics/therapeutic use; periodontitis/drug therapy; 
dose-response relationship, drug; comparison studies. 

D oxycycfine has been shown to effec-- 
tively inhibit collagenase activity in 
gingivai tissues and crevicular fluid, .. 

thereby reducing the destruction of collagen 
in adult periodontitisl~ This doxycycline- 
induced decrease in collagenase activity is 
accompanied by a significant improvement 
in other periodontal disease parameters, . 
such as improvement in periodontal .A 
attachment levels and decreasing probiig 
depth.2.5 A long-term trial evaluating the 
efficacy of a g-month regimen of suban- 
timicrobiat dose doxycyciine (SDD) found 
that a combined regimen of SDD and scal- 
ing and root planing (SRP) resulted in sta- I 
tistically significant improvements in peri: 
odor& attachment level and probiig depth, 
when compared to SRP ptus placebo.6*7 

The anticollagenase activity of dojrcy- 
cline.is indepen-dent of its antimicrobial 
activity, as first reported. by Golub et al. in 
19838 and confirmed through subsequent 
research.2”.g Effective anticollagenase 
activity is obtained in man at administered 
doses welt below those routineiy used for 
effective antimicrobiaI treatment. For exam- 
ple, the usual antimicrobial dose of FOXY- 
cydine is a 200 mg initial dose followed by 
100 mg qd, which produces blood levels of 
3 pg/rd tii 4 w/ml. lo When used to Sup- 
press colla^Genase activity; however. the 
effective dose of doxycycline is 20 mg bid 
which produces maximum &rum concen- 
trations ’ of 6.79 pg/ml &%iG~ Chronic 
administration (unpubIished data). 

Prk%x%x hwe failed to detect an . 
antimi&Gat effect of doxycyciine on sub- 
gingiva1 microflora. _ lo.** In a study evaluat- 
ing SDD and placebo treatment with GI& . 
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without accompanying SRI’, Walker et al. found no sta- 
tistically significant or microbiological differences 
between or among treatment groups for motile rods, 
coccoid forms, non-motile rods, firsiforms, and fila- 
mentous rodi Only levels of small and large spiro- 
chetes were found to be significantly tower in the SDD 
group than the placebo gro~p.‘~ This decrease in spim- 
chetes was not attributed to an antimicrobial effect 
Rather, it was explained by an overall improvement in 
Periodontal health due to the anti-inflammatory and 
anticollagenoiytic properties of doxycycline, which alter 
the microenvironment of the periodontal pocket, to 
which spirochetes are known to be particularly se&- 
tive.12 

However, any long-term use of antibiotics raises ques- 
tions of changes in antibiotic susceptibility.g****‘3’r6 In 
addition, there are concerns that the suppression of a 
normal, susceptible microflora could lead to overgrowth 
of more resistant and potentiaIIy pathogenic microor- 
ganisms in reservoirs such as the oral cavity.lr . . 

To confirm the results of previous research, four 
studies were performed to assess whether the iong- 
term use of SDD changes antibiotic susceptibility of the 
subgingival miaoflora~in adults with periodontitis. In&- 
cations of altered susceptibility were monitored by 
measuring changes ‘hi minimum inhibitory concentra- 
tions (MICs) of specific species; examining suscepti- 
bility patterns to specific antibiotics (doxycycline, 
rninocycline, tetracycline, amoxicihin, erythromycin; 

T&k I. 

Summary of Studies 

penicilfin, ampicillin, cefoxitin, metronfdazok, and dfn- 
damycin) according to the National Comm&ee for 
Clinical Laboratory Standards (NCCLS) categories;‘7 
and by dete rrnining alterations in the distributjon of 
susceptibility. 

MATERIALS AND METHODS 
The methodsand treatments used in each of the four 
studies are summarized in Tabie 1. In studies 1 and 2, 
patients were eligible for study participation If they 
were between 35 and 75 years of age; in studies 3 and 
4, patients were included if they were between 30 and 
75 years of age. All patients had a clinical diagnosis 
of periodontitis. Periodontitis was defined as both c&n- 
ical attachment levels 25 mm and G nun and prob- 
ing depths rst mm and s mm Sn qt least two subgin- 
gival tooth sites within the full mouth (studies 1 and 
2) or in 2 tooth sites h each of 2 quadrants. (Le., 4 
sites) (studies 3 and 4). 

Patients were excluded if they had received any 
antibiotics .within 6 weeks of the baseline .visit or if 
they required chronic antibiotic treatment (1-e.; ir10r-e 
than 2 weeks) or prophylactic antibiotics for routine 
dental therapy. Women who were pregnant or iactat- 
ing were also excluded, as were patients diagnosed 
with diabetes, mellitus, a serious medical illness (e.g., 
kidney or liver disease), or a systemic infection. Addi- 
tionally, patients with known hypersensitivity to tetra- 
t+i~es or who were taking significant concomitant 
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.therapy were also excluded from the studies. Clinical 
and m icrobial data were cotlected at the University of 
Florida, Gain+vi.lle, and West Virginia University, Mor- 
g8ntowI-L 

Study 1 Methods 
Study 1. was a double-blind, placebo-controlled, par- 
allel study with an open-label extension. Patients were 
adn$nistered SDD (20 mg qd, 20 mg bid, or 10 mg 
qd) or placebo for 12 months, after which they could 
opt ti enter an open-label phase lasting 3 to 6 months. 
Patients continued their dosing regimen during the 
open-label phase. Patients received a supragingival 
prophylaxis at baseline, at 6 and 12 months, and at 
study exit (i5 to 18 months). Additionally, patients 
were asked to return for iirrther analysis 6 months after 
treatment ended (21 to 24 .months post-baseline). 

Subgingii plaque samples were collected with ster- 
ile endodontlc paper points at baseline and at 12- _ 
months, 15 to 18 months (on cessation of treatment), 
and 6 months post-treatment. Each sample was 
assessed for totdl cultivable anaerobic bacteria, tot81 
Actinonyces spp isolates, and total Fwbacte&m spp 
isolates to determine the effect of the SDD or placebo 
regimen on m icrobial flora- Acthomyces spp and 
Fuwbacteriwn spp were selected as representative 
Gram-Positive and Gram-negative isolates known to be 
encountered in a patient Population with moderate to 
severe periodontal disease. Previous research has 
demonstrated that these are appropriate marker organ- 
isms for evaluating the development of resistance when 
using SDD.18 

Representative Actinomyces and Fusobacterium 
isolates were obtained from each sample to test sus- 

. ceptibii to doxycycline (ix., m inimum inhibitory con- 
centration [MC] values). Trypticase-soy agar supple- 
mented with 5% whole defibtinated sheep blood, 
0.005% hemin, and 0.0005% menadione was used as 
a non-selective medium for total anaerobic counts. 
Susceptibility testing was performed by an agar diiu- 
tion method.17*1gfo To assess clinical efficacy, clinical 
attachment levels and probing depths were measured 
at 6 sites around each tooth in the whole mouth by 
manual probiig at baseline, 6 months, and 12 months. 

ANOVA was used to-determine whether statistically 
significa-?&-differences in total organisms isolated 
existed among sample periods. Fisher’s PLSD analy- 
sis. was us&to determine whether differences in total 
organisms isolated existed between two treatments at 
each sample period. 
c&@2-.-~~~---~ _ .- ..--..--_ - , 
Study 2 W&s similar in design to study I. Patients were 
.id-ti*s*d~~r plsebo -for 12 months, after 

which they entered an open-label phase (Le.. treat- 
ment was not blinded) lasting 3 to 6 months. Patients 

_ continued their do&g- regimen dui%is tk~~open-i3bai 
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phase and received a supragingival prophyl&s 8t 
baseline. at 6 and 12 months, and at the cess8tfon of 
treatment. Patients returned up to 9 months after ce+ 
sation of treatment for further analysis (i.e., up to 27 
months Post-baseline). 

Subgingival plaque samples were collected by curet 
at baseline, 12 months (at the end of blinded treat- 
ment), 18 months (after the 6-month open-label 
phase)., and up: to 27 months (after 9 months without 
treatment). As in study 1, Actinomyces spp and 
FifsOb3Cterium spp were isolated using a non-*J&e 
complex medium2rZ2 as representative tax8 co&non 
in the periodontal m icrofior8.*8 The isolates were tested 
for resistance (i.e., M lC values) to tetracycline, eryth- 
romycin, penicillin, ampicillin, cefoxitin, rind metro- 
nidazole using antibiotic-impregnated strips~ (used by 
West Virginia University) or agar dilution (used by the 
University of Fhida)..‘gaa To assess efficacy, clhi- 
cai attachment, levels and -probing depths were mea- . 
sured at 6 sites around each tooth by manual probing 
at base&e, 6 months, and 12 months. 

Study 3 Methods 
Study 3 was a multi-center, randomized, pamllel-g&p, 
placebo-contro$ed.study, and study 4 was a 3-month 
follow-up of kudy 3. In study 3, all Patients were 
treated in two qualifying quadrants with- SRP at base- 
line. To be considered a qualifying quadmnt, two tooth 
sites in -each quadrant had to have both ciinic8l attach- 
ment level and probing depth 2~5 m m  and $9 m m , as . . 
measured by manual probing. SRP was perfdrmed by 
the same therapist at each study center and lasted for 
up to 1 hour per quadmnt. Both ultrasonic and unl-. 
versa1 or area-specific curets were permitted, as was 
local anesthesia. After SRP was performed, ‘patients . 
in study 3 were randomly assigned to receive either 
SDD 20 mg bid or placebo for 9. months. 

In each patient, two sites with probing depths ~5 
m m  from the SRP quadrants and two sites with prob- . 
ing depths >5 m m  from non-SRp quadrants were 
selected for m icrobiological sampling. Subgkrgival 
plaque samples were taken from these sites using ster- 
ile endodontic paper points at .baseIiie and aAer 3,6, 
and 9 monh of treatment. The same sites were sam- 
pled throughout the study. Samples from the SRPsites 
were pooled by subject and then processed; thesame- 
was done for non-SRP sites. Samples were exar-nined 
by direct m icroscopy; cukure on selective 8nhib- - 
selective media, and predominant cultivable techrJque- 
Samples were also tested for susceptibility to dbwcy- 
cline, m inocyciineF. tetracycline, arpo~~~~~@.&?!Y:. __ _ _ 
&romy& and cfiiidam~cin-by either ag8r mu-=‘” 

Tz 

mehod 19.20.= or antibiotic-impregnated stfips.5 To 
assess efficacy as an adjunct to SRP, c”a?rti- _ _ -_ 

ment levels and Probing depths were-measured by 

~u-st.ARBlodbk.sdna.sweden. . 



manual probing at each of 6 tooth sites around each 
tooth in the qualifying quadrants at basefine and at 3, 
6, and 9 months. To check for rapid attachment loss 
requiring additional intervention, similar measurements 
were also made around the teeth in the non-qualify- 
ing quadrants. 

statistical Methods 

ters as strata and treating the n&stance c&gory tls 
an ordinal parameter with equal spacing between the 
categories. Scores of 2, 3, and 4 were used for each 
resistance category based on l& of the value of he 
category in micrograms per milliliter. However, the 
results of the analysis would not differ u&g my di- 
trary, equally spaced set of numbers for category 
values. 

The null hypothesis (i.e., the distribution of the strains 
identified as resistant to 4 pg of doxycycline per mil- 
Miter across 3 resistance categories did not differ 
between placebo and SDD treatment groups) was 
tested separatdy for plaque samples from SRP and 
non-SRP quadrants. The results of the 2 analyses were 
similar. Separate analyses were carried out for each 
visit of the study. Data from the 2 centers were Pooled, 
and the center was treated as a factor in the analyses. 
Of particular interest was the alternative hypothesis 
that at some study visits, strains isolated from plaque 
samples from SDD-treated patients may have. exhib- 
ited greater resistance to doxycycline than those taken 
from patients treated with place&. This tendency, if 
present. would result in a greater proportion of resis- 
tant strains fatling in the higher resistance categories 
for SDD-treated patients, Therefore, analyses focused 
on the degree of resistance obse&d among resist&t 
stiins and differences in the de$ee of resistance over 
time and between treatment groups, rather than the 
raw number or proportion of resistant stxains.isolated. 

Two types of analyses were performed: analyses 
based on frequency distributions within and between 
patients, and non-parametric analyses based on scores 
derived from within-patient frequency distributions. 
The number of resistant strains isolated from a single 
patient’s plaque sample could vary from 0 to 3; how- 
ever, plaque samples with no resistant isolates were 
dropped from the analysis. As mentioned above, it is 
irflportant to note that these analyses focus on shifts 
in the degree of resistance among resi,stant strains 
rather than changes in the num&r or propotion of 
resistant strains. 

Non-parametric (ranked) anaiysis of vatice, A 
single resistance score for each patient vi& was cr-e- 
ated by multiplying the above category scores (2, 3, 
or 4) by the proportion of resistant stmins in each cat- 
egory, then adding the results together. The resulting 
scores were transformed into ranks, and the ranks were 
analyzed using an analysis of variance model with fuc- - 
ton for‘treatment group, center, and the interaction of 
treatment-by-center. This non-paiametric procedure 
produces results that are invariant with respect to the 
choice of category scores, given that scores are equally 
spaced. As with the frequency of distribution analysis, 
the individual patient was taken‘ as the unit of analy- 
sis. All analyses reflect the assumption that increased 
doxycycline resistance ~would be reflected in a ten- 
dency for more strains to fall within the- higher resis- 
tance. categories within a patient/visit. p values a.05 
were considered statistically significant Post-hoc Power 
analyses suggested that actual differences greater than 
15% would typically have been detected with a prob- 
ability of 0.80. Ail statistical tests were ‘L-tailed. All 
statistical analyses and data manipulations were per- 
formed using statistical software] 

Study 4 Metfmis 
No medication was administered during study 4. Sub- 
gingival plaque samples were collected from the same 
sites as those used in study 3 (two sites from the SF?P 
quadrants and two from the noir-SW quadrants) Bt 
baseline and at 3 months for analysis of oral flora and 
a&biotic susceptibility. The two samples from the two 
SRP quadrants were pooled by subject and then 
processed; the same was done for non-SRP sites- 
Microbial samples were ex&nined by either darkfield 
or phase-contrast microscopy, culture on selective 
and non-selective media, and predominant cultivable 
technique. To assess efficacy, cliical attachment lev- 
els and probing depths were measured by manual -- - 
probing. -P. 

TO determine whether statistically significant differ- - -- 

Frequency distribution anaiysis. Because multiple 
strq’m could be Mated at a given visit within a patient, 
but the basic unit of analysis was considered to be the 
patient rather th&.the microorganism, standard chi- 
square or Co&ran-Mantel-Haenszel analyses could not 
be used without an adjustment to the degrees of free- 
dom. Frequency distribution analyses were therefore 
performed by first normalizing the da.t;i; Organism 
counts for each patient visit were tmnsformed into pm- . --- -- . - portions of stC&Z-MIih, res&znce category for 
that patient visit. Normalized individual patient/visit 

umrnedto-dnity across 
ielding correct overall - -_-. 

degrees of Worn. Cochran-Mantel -Haenszel tests 
were performed on the normalized data, tre&&$~~%zxz&z-~ kCary,flc. . 

ences existed between the SDD and placebo treatment 
groups, the microbial parameters associated W&h 
microscopic evaluation -and dture enumeration Wefe 
&ialyied using the unpaired P test and the !$*‘-‘-L XL 
Whitney test, a non-parametric version of the two sz2n-G 
pie, unpaired t test- . _--__ ..- 

_ --.--- -. 
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RESULTS 
Study 2 Redts Total anaerobic counts recovered 
A totaI of 40 subjects were included in study 1, 10 in 
each of 4 treatment groups. AI1 subjects provided 
microbiological samples at baseline.- At 12 months, 
29 subjects were sampled (8 in the SDD 20 mg qd 
treatment group; 7 in the SDD 20 mg bid treatment 
group; 7 II-I the SDD 10 mg qd treatment group; and 
7 in. the placebo group). At 15 to 18 months (study 
exit), 33 subjects were sampled (9 in the SDD 20 mg 
qd group; 10 In the SDD 20 mg bid group: 8 in the 
SDD 10 mg qd group; and 6 in the placebo group), 
Sii months post-treatment, samples were obtained 
from 24 subjects (7 in the SDD 20. mg qd group; 7 in 
the SDD 20 mg bid group; 4 in the SDD 10 mg qd 
group; and 6 in the placebo group). 

Effect on microbial flora. Treatrixnt effect on mlcm- 
bial flora was assessed in study 1 by measuring total 
cultivable anaerobic bacteria, total Actinomy~ spp 
isolates, and total Fusof~cteri~m spp isolates. Assess- 
ments .were made for each treatment at each sample 
timepoint based on the number of cukivable bacterial 
counts obtained for each target genus. 

No statistically significant differences in total anaer- 
obic bacteria, Actfnomyces spp, and Fusobacterium 
spp isolates were -found in -study 1 among sample 

’ periods (Figs- 1A through 1C; Table 2) or between txeat- 
. 

12MontkB Exit 6Matths 
RUG-hStUld 

A .- 

Total Fus&zcterium counts recovered 

merits at baseiine, 12 months, or 15 to 18 months (P 
>o. 12). Statistically significant differences were, 
detected, however, in three instances at the 6-month 
post-treatment sample period (21 to 24 months post- 
baseline; P~0.05). The difference in mean totaI anaer- 
obic bacteria was higher (PrO.05) in the 10 mg qd 
treatment group compared with the 20 mg qd treat- 
ment group. Diierences in total Actfnomyces spp Iso- 
rates were significant between the 10 mg qd treat- 
ment group and the 20 mg qd treatment group, as 
well as between the 10 mg qd and placebo treatment 
groups, It was not feasible -to conduct a 1ongItudlnaI 
analysis of these differences because an Inadequate 
number of the same patients were present In each 
treatment ceII at each sample period to use a repeated 
measure AHOVA. 

. . . 

12Muottm Exit 

6 

Total Actinomyces count% recovered 

SusceptibiIity. The MC was evaluated, as were the 
minimum inhibitory concentrations needed to InhIbii 
growth of 50% (ML& or 90% @U&J of the target 
organisms. MICs or IuyC,o summaries were deter- _ _- ” -.BL 12.Months Fkit 6Moath3 
mined for comparative purposes. At the 12-month -- Fast-TlWitfIId 
assessment and at 15 to 18 months (study exit), no c 

. chan+s-wore apparent ir&ke doxy&&$fI!C&EI:~~ _ _ -- __- _ __ _ _ _ __ -- ---- -._-_-.- 
2A) or MI% (data not shown) for the Adirumyces spp ~gu&j,:...y...; ‘-o.‘e ;$..;:..“ .,::. : ___ ,;;. : IT. 
‘i.soIates in the 10 mg qdtrea~&3xZrLg~~co~m$?? _ A.Totd a&i&k orxx&ccaart~. rk+zfedee$i &merx at : 

FzacbscmJpIeperiod~-‘Fbtd~Frsobacterwnspp@- -‘. - with the placebo. At 12 months post-basefine, there 
was an apparent change in susceptibility to doxycy- recqerecfrkeoth - _.,_: >’ beatmentoteqrh*.*cw .::;: z-.1. ; 
cline ‘m the Adinomyces spp isoiates in the 20 mg qd --@$$$$$-~?~!:~~~ y 5 - -_ ; 
and20mgbidtreatmentgroupscomparedwithbase- .-.:s ::Y: _ ‘e7-e5.‘e _. - __ . .:‘ -r”,:: -:::+. : 

1476 



Ttie2. 

ANOVA Analysis of Differences in Total Anaerobic 
Bacteria, Actinomycek spp, and Fusobacterium spp 
Counts Among Treatment Groups (study 1) 

12rrAtft3 shldy exlt amonthspt 

Sample Pedod 

0aseline 12 malthj Shrdyexit GmcWtspcst 
Sampie Pedod 

.- 

(21 to 24 months post-base&), no 
differences in M l&, oc M&,, m lues 
were found for any of the four bat- 
n-mt groups relative to each other 
or to basehe for Acthomym spp 
isolates (Table 3). -. 

The MD& values for FUSO~C- 

terfum spp isoIates were &tially 
identical for all treatment groups at 
all sample periods (Fig. 28). h- 
creases were noted in the doxycy- 
eline M IC,, of Fusobacteriwn spp 
isolates in all treatment groups,. 
including placebo, at 15 to 18 
months compared with baseline 
(data not shown). There wus no dif- 

ference, however, .among- the treatment 
groups in the doxycyciine M I% at the 12- 
month assessment At assessments taken 6 
months after treatment ended (21 to 24 
months post-baseline), no differences In 
MKs, or M lC, values were found for any of 
the four treatment groups relative to each. 
other or to baseline for FusoLxzcteriurrt spp 
isolates. 

Study 2 Results 
Patterns and cross-resistance, Among the 
Acthomyces spp and Fusobacterfum spp 
isolates collected in study 2, there were no 
changes in NCCLS antibiotic patterns (Sus- 
ceptible [ix,, MC zZ4 &ml], IntermedIate 
[Le., WC 5 to 15 p.g/ml], or Resistant [Le.; 
M IC 216 pg/ml]) nor significant changes ln 
antibiotic susceptibility to the six antibiotics 
tested (tetracycline, erythromycin, penicillin, 
ampicillin, cefoxitin, and metronidazole) In 
any of the sample periods for any of the 
treatment groups. The M ICw for each antibi- 
otic tested was well below the NCCLS cut- 
off levels that determine antimicrobial res-- 
tance for each of the sample periods (Table 
4). Antibiotic profiles and cumuIa!ive MQI 
remained stable regardless of doxycycline 
dosage, indicating the absence of multiple 
antibiotic resistance. 

Stud&s ii and 4 Results 
ikibution of resistance. At baseline’ and 
at 3, 6, and 9 months, five taxa accounted 
for 51% to 80% of-do@cycline-resistsnt iso- _ 

line. However, 15 to 18 months #WY-baseline, the lates (Bactemides cuagufans, Chmpyfolzacter cun~f~uS, 
M ICso and M&J values for the 2@-q&#Ltq&z?xnt --+icsabact&um spp, Preuotella spp, andStreptoccrccus 
group were simitar to the placebo, although the M ICs spp). Four of these taxa accounted for 60% to 80% of ^ ..- 
and MJC& values for the 2O.mg qdFeatment group doqcyclii&resistant isolates at 12 months- (C con- - 

--_ remained elevated compared with other treatments. 
. . -..-.- 

cfsus, Fils-~~~~+B*& spp, an4 Street 
At assessments taken 6 months after treatment ended fococcus spp). These resistant taxa were consistent 
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_ sle 3. 

Doxycycline Susceptibilities 
Positive (Actinomyces) and 
(Fusobacterium) Bacteria 

for Representative Gram- 
Gram-Negative 

in assessing the distribution of doxyr@ine 
resistance, there were no statistically sign& 
cant differences between treatment groups. 
The distribution of doxycycilne-m&tam + 
fates was consistent across NCClS resfsbncc 
categories at alI sample periods after the base- 
line assessment This finding was consistent 
between SRP and non-SRP intervention c&e- 
gories (Figs. 3A through 3C). Coefficients of 
variance for these anaIyses ranged from 27% 
to 55%, with the greatest variance observed 
at baselie. 

No evidence of multi-antibiotic resistance 
was found, as defined by resistance to two or 
more unrelated non-tetracycline antibiotics, 
The M lC values of the doxycychne-resistant 
isolates were evaluated, and statistical test- 
ing for correlation was performed f6F each 
treatment at each sample period to determine 
if a correlation existed between resistance to 
doxycycline and, resistance to each of the 
other antibiotics (minocycline. tetracycline, 
amoticillin. erythromycin, and clindamycin). 
A strong correlation was found between 
resistance to doxycycline and m inocycline 
(0.600 - 0.950), with a weaker correlation 
between resistance to doxycycline and tetra- 
Cycline, (0.200 - 0.800) for all treatments at 
all sample periods. Additionally, a relat&ely 
strong correlation was found between resb- 
tance to erythromycin and clindamydn (0.450 
- 0,900) for all treatments at ail sample peri- 
ods. No correlations were found between 
doxycycline resistance and resistance to non- 
tetracytline antibiotics (erythromycin, din- 

damycin, or amoxicillin) at any sample period. 

DISCUSSION 
The anticollagenase activity of doxycychne is 
evident at doses below those routinely used 
for antimicrobial treatment.2”*8*g To suppress 
cotlagenase activity, the effective dose of 
doxycycline is 20 mg bid, compared with the 
usual antimicrobial dose of 200 mg for&e 
initial dose followed by 100 mg qd. 

Long-term.antibiotic use, however. raises 
questions regslrding changes in_. antibiotic sus- 
ceptibility. Taken -together, the four Studh 

reported here (three separate ciinicd trials 
&& j& 3:&&l foli~w-oi;-S;r;~“uy;-~*~I~~~ 
whether long-term use oi SDD resulted in 
rrGered-ar&rGcrobial susceptibility In adults 

across treatment groups (active versus placebo! and- vjith periodontitis, as measured by M lC levels (study 
&t~~~~tio~ro~~ps (SRP versus non-SRP). The pro- I), by altered susceptibility.-ti antibiotics other thy 

portions of resistant taxa were similar at each timepoint te&qrc~~ (study 2). a&i~&~~~~i$b~ tZ%!bF 

(Table 5). o&-resistant isolates obtained (studies 3 and 4)- 

. 

- _- 
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Table 4- 

Cumulative Anthiotic Data for Six Antibiotics at Each Sample Period by Treatment group: 
MIC5,, and Range (study 2’) 

A (8) 

A (6)’ 

FQ .. 

AC7) 

~0.0 I 6 
(-am 6-o.ofA) 

<0.016 
(<0Lll6-0.04-/1 

oio23 
(9.016-0.047) 

..- : . 
San 0.032 

(-XL01 6m94) 
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Table 4. (condnued) 

Cumulative Antibiotic Data for Six Antibiotics at Each Sample Period by Treatment Group: 
MIC5o and Range (study 2’) 

N Isolate 

1 httbtottcanprrgnakd ships not wattsble from Inventory. For cumpsrathn: raults. see ampkUUn. 
1) 6~ Ldetc did not pmvtde ruutts for the anttbiotk strfp (t&w&ftte. .snpkiIUn. cefoxMn. and mclrPnldarote). 
l * hwtlpli? ischtro fmlnzame Feknt (cl! antlbiitica). 

--.--.- 
- - ---. 

11 One Isolate c&i n& pcwl& fesut& for the arMbiotIc strip (aythranydnJT MdtJpl; is&es rrcovered f&-a SC& p&~~t (m~)-‘-‘.~‘---~--.~ - T . : 

/__- _ - - I- _, 
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Table 5. 

Percentage of Predominant Bacterial Taxa Resistant to 24 pg/ml of 
Doxycycline 

in study 1, no changes were detected in MP& or 
MICm values except at 12 months, when there was an 
apparent change in susceptibility to doxycycliie in the 
Actiamyces spp isolates in the 20 mg qd and 20 mg 
bid treatment groups ‘compared with baseline, The 
M&-j values for rirso~cfertum spp isolates were 
essentially identical for all treatment groups at al1 sam- 
ple periods. Six months after treatment ended (21 to 
24 months post-baseline), no differences ~II.MIC~ val- 
ues were found for any of the four treatment groups 
ielative to each other or to baseline for Acthomyces 
spp or Fusobac~wn spp isolates. 

Accurate determinations of MIC values require the 
-:. testing of a sufficient number of strains and patients 

to represent the population as a whole. If only a few 
-- 3Fains are available for testing, a single outlier with a 

high MK value can give a misleading impression that 
a significant decrease in susceptibility has deveIoped 

_. __ over the course of treatment. This appears to be the 
’ case-in both the I2-ri~orith and 15- to l&month sam- 
pies assessed in study 1, where a limited number of 

‘patients were available for sampling at these time- 
points and few carried the target bacteria. Thus, the 
&UC values obtained for Acthomyces spp isolates for 
the 20 mg &ea&ent groups at 12 mo&hs giV% an ini- 
tial ‘bnpression of reduced susceptibility to doxycycline. 

Nowever. the resolution of these differences by 15 
to 18 months and at 21 to 24 months suggests that 
the 12-month data were transient and a function of 
normat microbial variation amplified by the small sam- 
ple size. No difference was observed at 6 months, at 
which time more isolates were available for testing. _ 
This is also the likely explanation for the apparent 
increase in resistance among the Fusobaderfum spp 
isolates at 15 to 18 months in all treatment groups, 
including the:placebo group. This hypothesis is rein- 
forced by the low MK values obtained for the target 
microorganisms for al1 four treatment groups at the 
6-month post-treatment sample. Total baiterial. counts 
recovered in study 1 revealed, no evidence for sup- 
pression of the subgingival rnicroflom. 

As indicated in ‘study 2, SD&was not associated 
with development of resistance in the marker bacterfa 
(Acfhomyc& spp isolates) independent of the ieveh 
at which doxycycline was administered. There were ---- ; -’ ;-- only hmited changes in the-Susceptible category for- - 
the Actinomyces spp isolates using NCCLS guidebe% 
of the 245 Acfhsmyces spp i.sola.tes -@overed and 
assayed by the antibiotic-impregnated strips and agaf 
dilution method in studie& 1 and 2, oniy 8 had MIC _ _ 
levels 216 pg/ml, indicating tetracycline resistance- - - 
Two of these resistant isolates were recovered from 
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values did not suggest that resistance to SDD 
was developing ovef time. Changes in MC d- 
ues by sample period were most likely m- 
dom. No evidence w8s found ti suggest that 
the model for selective resistance folIowing use 
Of therapeutic antibiotics was in praam, 

These studies emphasized the MIC, values 
in conjunction with the MI& values for corn- 
parison because the latter are significant& influ- 
enced by outiiers when small numbers of 
patients are enrolled in a study. Furthermore!, 
with the small incrementat changes measur- 
able with the antibiotic-impregnated strips, sub- 
tle changes were magnEed that would not have 
been recognized using the standard 2-fold dilu- 
tion assay, Ttie antibiotic-impregnated strips 
measure a lO,OOO-fold concentratiofs and 
establish a continuous gradient enabling qual- 
itative accuracy, precision, and repnxlucibility 
reported within 0.5 diiution. steps. In fad, 8n 
encouraging result was the stability of the 
antibiotic patterns and the reproducibii of the 
MIC values. TraditionaUy, emerging antimicro-. 
bial resistance is based on trend analysis, 
focusing on semLqu8ntit8tive susceptibil&y cnt- 
egories (Susceptible, Intermediate, pr Resis- 
tant) or MJCH, v8iue~ over time. The studies 
reported here used different methods (agar dilu- 
tion and the antibiotic-impregnated strips) in 
different patient populations and analyzed by 
different laboratories, yet they reached the 
same. conclusions. No evidence was found sup- 
porting developing antirnicmbi~ resistance over 
t.ime,‘and the changes in MIC vaiues by sam- 
ple period were most likely random; - 

Following the initial experience of studies 1 
and 2, studies 3 and 4 were conducted with 
adequate power to assess whether signific8nt 
differences in susceptibility could be attributed 
to SQD therapy compared tith plbcebo. FLU- 
thermore, these studies sought to &amine the 
influence of the drug on all the constituents of . 
the subgingival microflora, rather than.sdected 
genera. These more rigorous studies showed 
no statistically or microbiokgically SignifiCant . - _. 

patien&wh~~eceived the placebo. Changes in YC differences between treatment groups in terms ot me 
values in the Susceptible category seemed random. distribution of doxycycfine-resistant str8ins, -the- pre- 
MIC values for Fuso~cterium spp isolates remain&- dominant doxycycline-resistant taxa recovered, or ev& 
low, thus precluding quantitative and statistical analy- dence of mu&i-antibiotic resistance (defined by Fsb- 

- ._ ---s-h _ ‘-2 - _ _ e-,s 
Study ilso dkr?Gnstrated the l&k “&f-a pos& - 

tance to two qrVwqrc unrelated antibiotics). 
F Thicorrela~ons that Set-e found bet%vtm da@%- -. 

correlation of cross-resistance with other antibibtics. cIine resistance and resistance to minocycline and 
-~~~profi~&&ed stable, ai did cumulative t&acycUne we= exp:ect&, ts-were th*~,~e!&Ws --- 

NH&, values independent of- doxycycline dosage. between resistance to erythromycin an&clindamycin- 
There was no compelling evideficff~%z~ MIC, v@Ies One mechanism of resistanCe to dbxycydine or 
were influenctxi by SDD adm~&tr~n~iiiia”~~ - ’ ~nticyciine is due to ribosomal protection nnd is 

. ^ - . 
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encoded by a Get gene, which conveys resistance to all 
tetracycline derivatives (e-g.. tetracycline, minocycline. 

. and doxycycline). Similariy, resistance to ciindarnycin 
is encoded by an em gene that also conveys resistance 
to erythromycin. Additionally, no cross-sectional or lon- 
gitudinal differences were detected in the normal flora, 
Iftveis of periodontal or opportunktic pathogens, and 
composition of doxycycline-resistant b&teria present. 

SDD in combination with mechanica1 procedures 
has been shown to be effective in improving probing 
depths and attachment IeveIs above improvements 
seen with mechanical procedures alqne. Studies 
demonstrated that adult periodonti+ patients who 
received SDD as adjunctive therapy. tv mechanical 
procedures showed significant improvements in pi&- 
ing depths and attachment levels over those who did 
not receive SDD as adjunctive therapy.6*7z4* 

In conclusion, the resuits of these four studies indi- 
cate that long-term SDD does not alter or contribute 
to alterations in the antibiotic susceptibilib of the sub- 
gingival microflora compared with a placebo. 
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MICROBIOLOGY REPORT 

. Protocol # DERM-301 

Ef&&y of Dermasta? (doxycyciine hyciate) 20 mg tabies administrated twice 

daily for the treatment of acne 

Clay Walker, Ph.D. 

Acne vulagaris i s a s elf-limited skin disorder that is primarily associated with adolescents 

and yotig adults. The exact etiology is unclear but appears to be multi-factorial and involves the 

hypercormfkalion of the pilosebaceous duct, an increase in sebum production, colonization with 

Propionibacterium acne and possibly other skin bacteria, followed by the subsequent production 

of inf3ammatior~ The resulting inflar.nmation is a host immune response to the bacterial infection 

and leads to the production of both inflammatory and non-inflammatory lesions. Various 

antimicrobial agents have been used to lessen the effect of inflammatory acne- In this country, 

the tetracyclines are widely used. These antibiotics are generally given systemically at relatively 

low dosag& for long periods of time. The effect o f t he t etracychnes appear to be exerted by 

interfering with the chemotaxis of PMNs and by scavenging oxygen radicals produced by the 

inflammatory cells rather than by an antimicrobial effect on the bacteria involved. 

In the study described within, a sub-antimicrobial dosage of doxycycline (SDD) consisting of 

20 mg d&cycycline hyclate was given twice daily for a period of 6 months. The chnical objective 

of the study was to compare the effect of SDD relative to a placebo on the acne lesions. The 

microbial objectives were to determine (1) if SDD has any detectable antimicrobial effect on the . 
uormai skin flog (2) leads to the overgrowth or colonization of the skin by opportunistic 

pathogens, and/or (3) results in an increase in antibiotic resistance by the predominant skin 

microflom 



DERM-301 Study 
Micro~ioiogy report * 

Previous studies using SDD in the treatment of adult periodontitis, failed to detect any 
~~crobi~effectontheoralmicro~oraoronthe~oraassociatedwiththe largeir&&nesor 

the vagina Since the etiology of acne is somewhat similar to adult periodontitis m that its 

evolves an inflammatory response to the causative bacteria, SDD may provide a beneficial 

&n,ica~ response without exerting an antimicrobial effect. 

Subjects. A total of 50 subjects were entered into a double blind, placebo-controlled, 6month 

trial to determine the effect of doxycycline, 20 mg bid, (SDD) on moderate facial acne. 

Sample collection. Microbial samples were collected Corn the surface of the skin loom a 2 cm2 

area in the center of the brow at baseline and after 6 months of treatment. The sample was 

collected by p lacing a 2 cm2 template overt he area to be sampled and then gently rubbing a 

sterile cotton swab over the area The swab wti placed in a tube containing 1.0 ml ofpre- 

reduced, a&aerobically sterilized (HXAS) Ringers solution. The tube was labeled with subject 

number and sample period and immediately transported to the microbiology labs for processing. 

Upon receipt in the Iabs, the sample tube was gently sonicat& using a water-f&d cup horn and 

a series of IO-fold dilutions was performed in PRAS Ringers fluid by use of a VP1 Anaerobic 

Transfer unit to avoid introducing air into the s ample. An 0.1 m 1 aliquot o f e ach appropriate 

dilution was applied to the surface of agar media and spread with a sterile glass rod 

Sample pricessing. The sample was plated on non-selective media to determine the total 

number of anaerObic and facnltative bacteria recovered. The sample was aIso be plated on the 

. same non-selective medium containing 4 pg of doxycycline per ml for the _ isolation of 

doxycycline-resistant bacteria. Both the number of anaerobic bacteria and the number of 

facultative bacteria resistant to ?4 pg of doxycycline was determined and expressed as a 

percentage of the total respective flora. The number of different doxycycline-resistant colonies 

were examined and a representative of the 3 @present) most predominant doxycycline resistant 

coIony types were subcukured from the anaerobic and the facultative plates. These isolates were 

identified_ to genus and species, where possible, and then tested for susceptibilities to 6 

antibiotics (doxycycline, minocycline, tetracycline, erythromycin, clindamycin, and 
vancorny&). The first five of these antibiotics are f?equentIy used in the rzz&rnent-of acne; 

Pagd 
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vancorny& was test@ to determine if either vancorny&-rcsiskmt streptococci or 

staphylococcus might be present on the skin. 
ITbe microbial &dia used are given in Table 1 along with incubation conditions ad 

~nfirmatory tests for the target microorganisms. 

Table 1, Target microorganisms, media, incubation condi~o~~~, and confixmatory tests for the 

recovery and enumeration of microorganisms from the surface of the skin. 

Incubation 
Target microorganisms Medium conditions coI&m2tory tests 

Trypticase soy Anaerobic, 37”C, 5- 
Total anaerobic counts blood agar (TSBA) 7 days None 

10% C@, 37”C, 3-5 
Total facultative counts TSBA days. None 
Total doxycycline ‘ Anaerobic, 37%, 5- ’ 
resistant counts 

Coiony counts. Following the pqzscribed incubation period, the plates were examined for 

cofony-forming units (CFUs). Total anaerobic counts and total facultative counts were 

determined fkom the plate dilution that gave rise to 30-300 CFUs- For all other media, colony 

co&s were taken from plates with 30-300 CFUs if available, If less than 30 colonies were 

present on the most diluted plate, the act&d colony number present was counted providing that 

- -. .rngre-t&z Gngleicolony was detected, A single colony on a plate was comidered a “0” cqu$ -_ r- --+---. _ 
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Do~cvdine-resistak colonies. The number of colonies resistant to 4 pg ofdoxycyche pa A- 

was determined as described above. The proportions present were determined relative to both the 

total anaerobic counts and the total f&&ative counts. When available, a representative of each 

resistant colony type was subcukured, and identified to genus and species level by GLC a&.&es . 
of ceilular fatty acids. Ifpresent, up to 3 difkrent colony types were subcultured. qe proportion 

that each coiony type contributed to the total doxycycline resistant flora recovered was 

&dated. Following the identification process, antibiotic snsceptiiilities were determined for 

e&h isolate, which survived the identikation procedure, to 6 antibiotics by agar dilution 

methodology. 

Statisticai tescng. Difkences between the SDD treatment and placebo were sought using the 

unpaired t-test. Ifthe data did not follow a normal distriiutio~ the nonparametric Mann-Whitney 

test was used to avoid the bias of outliers. DifErences within treatments were sought using a 
pa&d t-test or a rank sum test. 6~ value of 9.05 was considered as statistically significant. 

REXJLTS 

A total of 50 subjects were entered at the University‘ of Flori&with 35 completing the study. 

Of the 35, 18 were in the SDC group and 17 were in the piacebo -group: The first group entered _-- 
consisted of 30 subjects. Two additional groups of FO each were entered later at the sponsor’s . 
request. The majority of the dropouts occurred in the latter two gmups and particuIarIy in the last 

group of 10 subjects. These drops were not product related but were primarily due to chauges in 

the subjects’ plans. Most were students at the University of Florida and elected not to attend the 

summer session. Several drops in the $acebo group occu.rr& due to the subject’s perception &at ‘. . 
his or her acne was getig worse. 

Microbial counts. . The means of the counts for each target group are given @I Figure 1. No 

statistical significant difErences (p50.05) were detected for any microbial group enumerated 

either between the SDD and placebo treatment groups or within either the SDD or placebo 

treatment group using the unpaired t-test for differences betweengroups and the paired t-test .for 

differeDces within groups. The p-values are given in Table 2. 

-;;- - --_ -. _ -..-- -. ---. _. --. - _ _- _. 
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, I 0.0799 0.1640 0.2868 I 0.2686 
% Doxy Res Mr102) 0.7248 I 0.1967 ,0.3937 0.2178 

t I . % Dow Res (CO21 0.4672 0.0625 0.5525 0.1327 
*Insufficient number of streptococci in 6-mo placebo group for statistical testing 

Antibiotic susceptibilities. The major bacterial coIonies that grew on medium containing 4 

&nl of doxycychne were subcultured, identified, and subjected to antibiotic susceptibility 

testing to doxycycline and 5 other antibiotics. From some subjects, no colonies were detected 
that were resistant to doxycychne and in others only a single colony type .was seen Antibiotic 

&sceptiiiWies were performed by agar dilution methodology over a concentration range of 0.25 

to .32 p&d in two-fold dihttions to doxycychne, tetracycline, minocychne, qythromycin, 

clindamycin, and vancomycin. The results were reported as the minimal inhibitory-concentr&on 

(MTC) required to inhibit visible gr&th on the agar medium. An MIC~c and an MIICW were 

calculated for each bacterial taxa for each group at each sample period. Since no significant 

microbial differences were seen in the taxa recovered anaerobicaliy.compared to facultative, 

these data were combined. These values are given in Table 3 for doxycycline. 

Table 3. Micra and MIGw values for doxycycline for each treatment group 

/- -_--- 
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Microbially, there were no differences either between the treatments or within the wats . 
in the M?Cs obtained for doxycycline- A two-fold difference in an MIC value may yield 

Y&&~c~ significance; but, by definition, a two-fofd difference is c onsidered &it& the error 

range when performing antibiotic testing. ._ 

Correlation testing was performed to determine if any strqng positive corn&tions (rs.70) 

.existed between resistance to doxycycline axid any .of the other five antibiotics test& The . 

&relation coefficients generated are given in Tables 4a-d+ 

Table 4a Antibiotic correlations for SDD at baseline _- 
Doxy- Tetra- Mbo- Erythro- CliIl&- Vance- 
cycline cycli.ne cydine myth mp.iIl mycin 

Doxycycline 1 t I 
Tetracycline 0.5391 1 
Minocycline 0.4606 0.2260 1 i 

Exythromycin 0.5255 1 0.2720 ] 0.3292 1 1 
clindamycin 0.3903 0.4956 1 0.2657 0.3319 1 I 
Vancomycin -0.0009 0.0249 1 0.4993 0.1561 f 0.1458 1 

. ‘_ 
Table 4b. Antibiotic correlations for SDD at 6 months 

Doxy- Tetra- Mine- Erythro- Clill&- vanco- 
cycline cycline cycline mycin mycin mycin 

Doxycycline 1 
Tetracycline 1 0.1355 1 
fiocydine 1 0.4065 0.1712 1 1 
Erythromycin j 0.2778 -0.1146 0.1972 1 
clindamycin 0.2632 0.2822 0.2840 0.6777 1 1. 

[ Vancomycin 0.0812 1 -0.0480 0.2788. 0.3411 ( 0.4066 1 ^l- J 

-- 

. _-_--- 
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Table 4d. Antibiotic correlations for Placebo at 6 months 

Examination of the correlation values obtained indicate that there were no strong correlations 

(~0.70) present. The strongest correlation was between erythromycin and cl.indamyciu (I= 0.5 to 

<0.70), which was expected since most bacteria that are resistant to clindamycm~are also 

resistant to erythromycin. Moderate, but not strong, correlations (iu.5) were detected between 

doxycychne and tetracycline and ruinocycline iu some instances, Again, this was expected since 

many bacteria with resistance to one tetracycline are fkquently resistant to the other 

tetracyclines as well due to the carriage of tetracycline resistant genes coding for ribosomal 

There were no apparent diffiences in the correlation coefficients obtained for the SDD at 6- 
months relative to either the placebo 6-month samples or to the SDD-baseline samples.. 

Bacterial taxa with resistance to doxvcyciine. The subcuhures~described above were identified 

to genus and species where possible. The bacteria recovered with doxycycline resistance 

belonged primarily to the staphylococci, diptheroids (a loosely defined group of gram positive 

bacteria Corn the skin), and assorted gram-negative facultative rods. A few I? acne were 

recovered with resistance to doxycycline. fiowever, none of the streptococci or enter& fiom the 

skin demonstrated doxycychne resistance. The major groups recovered were expressed as a 

-percentage of the’total doxycycline isolates recovered and were then compared between and 

within treatments to determine if a significant microbial shift had occur~~L These data are 

expressed graphicahy in Figure 2. 

CONCLUSIONS 
Treatment of subjects with moderate acne with a 6 month regimen of SDD exerted no 

detectable effect, either statistically or nGcrobia3y, -OS? the microbial skin flora relative to eit.& 

baseline values or to 6-month placebo values. 

Page 7 



Time data may be summarized as follows: 

1. 

2. 

There was no change in the composition of the noqnal skin ffora 
Th-e was no increase in the proportion of the cultivable flora resi$ant to 

doxycycline 
There was no increase in MIC values obtaked for the bacteria resistant tq 4 pg of 3. 

4. 

5. 

. DERM-301 Study 
Microbiology report . 

doxycycline per ml. 
There was no microbiologically or statistically significant change in the composition 

of the cultivable flora with n&stance to 4 )rg of do-line per ml. 

There was nq edence of the development of cross-resistance between doxycycline 

and related or unrelated antibiotics. 

Based on these data, the treatment o f m oderate acne with a 6-month regimen of SDD 

exerts no detectable antimicrobial effect on the cultivable skin flora 

. . . . 

_ .-- -:;::-= .-7-T- -- 
-_c.-.-- 
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Fig 1. Means of the target organisms enumerated 



Fig 2.’ Doxycycline-resistant taxa recovered and respective proportion 

Placebo-BL SDD-BL Placebo;6 mo 
Treatment Group & Time _ 

SDD-6 mo 


